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Oo,  dumand 

Of  mlghtj  Nature,  if  'twas  ever  meant 

That  we  shonld  pry  far  off  and  be  uoraiaed, 

That  we  should  pore,  and  dwindle  as  we  pore, 

Viewing  all  objects  unremittingly 

In  disconnexion  dead  and  spiritless ; 

Aud  still  dividing,  and  dividing  still, 

Break  doivn  all  grandeur,  still  unsatisfied 

Willi  the  perverse  attempt,  while  littleness 

May  yet  become  more  little  ;  waging  thus 

An  impious  warfare  'gainst  the  very  life 

Of  our  own  soula.  WoiinswoETn,  Excur. 


El(  Ji/iijy  'AFM0I4IHS  nafiiirifoi,  tTiriO.  viix^n 
A-iniaayS-  Nonkus.  Dtonys'ia 

Along  (lie  skiey  arch  the  goddess  tiisdo. 
And  sought  Harmonia's  august  abode  ; 
The  universal  plan,  the  ms'stic  Four, 
Defines  the  fignre  of  the  palace-floor. 
Solid  and  square  the  ancient  fiibric  stands, 
Haised  by  the  labors  of  tianumbei-ed  hands. 
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INTRODUCTION. 
The  Secondary  Mechanical  Sciences. 

IN  the  sejencos  of  Mechanics  and  Physical  Astronomy,  Motion  and 
Force  are  the  direct  and  primary  ohjects  of  out  attention.  But 
there  is  another  class  of  sciences  in  which  we  endeavor  to  reduce 
phenomena,  not  evidently  mechanical,  to  a  known  dependence  upon 
mechanical  properties  aad  laws.  In  the  cases  to  which  I  refer,  the 
facta  do  not  present  themselves  to  the  senses  as  modifications  of  posi- 
tion and  motaon,  but  as  secondary  qualities,  which  are  found  to  be  in 
some  way  derived  from  those  primary  attributes.  Also,  in  these  cases 
the  phenomena  are  reduced  to  their  mechanical  laws  and  causes  in  a 
secondary  manner ;  namely,  by  treating  them  (»  the  operation  of  a 
medium  interposed  between  the  object  and  the  organ  of  sense.  These, 
then,  we  may  call  Secondary  Mechanical  Sciences.  The  sciences  of 
tliis  kind  which  require  our  notice  are  those  which  treat  of  the  sensi- 
ble ijualitJes,  Sound,  Light,  and  Heat;  that  is.  Acoustics,  Optics,  and 
Thermoljcs. 

It  will  he  recollected  that  our  object  is  not  by  any  means  to  give  a 
full  statement  of  all  the  additions  which  have  been  successively  made 
to  our  knowledge  on  the  subjects  under  review,  or  a  complete  list  of 
the  pei-sons  by  whom  such  additions  have  been  made ;  but  to  present 
a  view  of  the  progress  of  each  of  those  branches  of  knowledge  as 
a  theoretical  science  ; — to  point  out  the  Epochs  of  the  discovery  of 
tliose  general  principles  which  reduce  many  facts  to  one  theory ;  and 
to  note  all  that  is  most  characteristic  and  instmctive  in  the  circum- 
stances and  persons  which  bear  upon  such  Epochs.  A  history  of 
any  science,  written  with  such  objects,  will  not  need  to  bo  long;  but 
it  will  fail  in  its  purpose  altogether,  if  it  do  not  distinctly  exhibit  some 
well-marked  and  prominent  features. 
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We  begin  oar  account  of  the  Secondary  Mechanical  Sciences  with 
Acoustics,  because  the  progress  towards  right  theoretical  views,  was,  in 
feet,  made  much  earher  in  the  science  of  Sound,  than  in  those  of  Light 
and  of  Heat ;  and  also,  because  a  clear  comprehension  of  the  theory 
to  which  we  are  led  in  this  case,  is  the  best  preparation  for  the  difficul- 
ties (by  no  means  inconsiderable)  of  the  reasonings  of  theorists  on  the 
other  subjects. 


Prelude  to  the  Solution  or  Problems  is  Acoustics. 

IN  some  measure  the  tme  theory  of  sound  was  guessed  by  veiy  cavly 
speculators  on  the  subject;  though  undoubtedly  conceived  in  a 
very  vague  and  wavering  manner.  That  sound  is  caused  by  some 
motion  of  the  sounding  body,  and  conveyed  by  some  motion  of  the 
air  to  the  ear,  is  an  opinion  which  we  trace  to  the  earliest  times  of 
physical  philosophy.  We  may  take  Aristotle  as  the  best  expounder 
of  this  stags  of  opinion.  In  his  Ti'eatise  On  Sound  and  Heat  in//,  he 
says,  "  Sound  takes  place  when  bodies  strike  the  air,  not  by  the  an 
having  a  form  impressed  upon  it  [ayfyijuiTi^ajisvav),  as  some  thmt,  but 
by  its  being  moved  in  a  corresponding  mannei ,  (probably  he  mean's 
in  a  manner  corresponding  to  the  impulse ;)  the  air  being  lontrarted, 
and  expanded,  and  overtaken,  and  again  struct  by  the  nnpiilses  of  the 
breath  and  of  the  strings.  For  when  the  breath  falls  upon  and  stiikcs 
the  air  which  is  next  it,  tlie  air  is  carried  fonvards  with  an  impetus, 
and  that  which  is  contiguous  to  the  first  is  cained  onnaids,  ao  that 
the  same  voice  spreads  every  way  as  far  as  the  motion  of  the  air  takes 

As  is  the  case  with  all  such  specimens  of  ancient  physics,  different 
persons  would  find  in  such,  a  statement  very  different  measures  of 
truth  and  distinctness.  The  admirers  of  antiquity  might  easily,  by 
pressing  the  language  closely,  and  using  the  light  of  modern  discovery, 
detect  in  this  passage  an  exact  account  of  the  production  and  propa- 
(jation  of  sound  :  while  others  might  maintain  that  in  Aristotle's  own 
mind,  there  were  only  vague  notions,  and  verbal  generalizations.     This 
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latter  opinion  is  very  empiiatically  expressed  by  Bacon.'  "  Tlie  colii- 
3ion  or  thrusting  of  air,  which  they  will  have  to  be  the  cause  of  sound, 
neither  denotes  the  form,  nor  the  latent  process  of  sound ;  but  is  a 
term  of  ignorance  and  of  superficial  contemplation."  Nor  can  it  be 
justly  denied,  that  an  exact  and  distinct  apprehension  of  the  tind  of 
motion  of  the  air  hy  which  sound  is  diffused,  was  beyond  the  reach  of 
the  ancient  philosophers,  and  made  its  way  into  the  world  long  after- 
wards. It  was  by  no  means  easy  to  reconcile  the  nature  of  such  motio« 
with  obvions  phenomena.  For  the  process  ia  not  evident  as  motion; 
since,  as  Bacon  also  observes,'  it  does  not  visibly  agitate  the  flame  of  a 
candle,  or  a  feather,  or  any  light  floating  substance,  by  which  the  slight- 
est motions  of  the  air  are  betrayed.  Still,  tlie  persuasion  that  sound 
is  some  motion  of  the  air,  continued  to  keep  hold  of  men's  minds,  and 
acquired  additional  distinctness.  The  illustration  employed  by  Vilru- 
vius,  ia  the  following  passage,  is  even  now  one  of  the  best  we  can 
ofler.'  "  Voice  is  breath,  flowing,  and  made  sensible  to  the  hearing  by 
striking  the  air.  It  moves  in  infinite  circumferences  of  circles,  as 
when,  by  throwing  a  stone  into  still  water,  yon  produce  innumerable 
circles  of  waves,  increasing  from  the  centre  and  spreading  outwards, 
till  the  boundary  of  the  space,  or  some  obstacle,  prevents  their  outfines 
from  going  farther.  In  the  same  manner  the  voice  mates  its  motion 
in  circles.  But  in  water  the  circle  moves  breadthways  upon  a  level 
plain;  tlie  voice  proceeds  in  breadth,  and  also  successively  ascends  in 
height." 

-  Both  the  comparison,  and  the  notice  of  the  difference  of  the  two 
cases,  prove  the  architect  to  have  had  very  clear  notions  on  tlie  sub- 
ject ;  which  he  further  shows  by  comparing  the  resonance  of  the 
walls  of  a  building  to  the  disturbance  of  the  outline  of  tlie  waves  of 
water  when  they  meet  with  a  boundary,  and  are  thrown  back.  "  There- 
fore, as  in  the  outlines  of  waves  in  water,  so  in  the  voice,  if  no  obstacle 
interrupt  the  foremost,  it  does  not  disturb  the  second  and  the  following 
ones,  so  that  all  come  to  the  ears  of  pei-sons,  whether  high  up  or  low 
down,  without  resonance.  But  when  they  strike  against  obstacles,  the 
foremost,  being  thrown  back,  disturb  the  lines  of  those  which  follow." 
Similar  analogies  were  employed  by  tlie  ancients  in  order  to  explain 
the  occurrence  of  Echoes.  Aristotle  says,'  "An  Echo  takes  place, 
when  the  Mr,  being  as  one  body  in  consequence  of  the  vessel  which 
bounds  it,  and  being  prevented  from  being  thrust  forwards,  U  reflected 

'  Hist.  Son.  et  Aiid,  vol.  ^x.  ^.  6S.        '  Iltid,      =  De  ^roJi.  v,  3,      '  DfAninWi,  ii.  S. 
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back  like  a  ball."  Nothing  material  was  added  to  aucli  views  till 
modem  times. 

Tims  the  first  conjectures  of  those  who  pMoaophized  concerning 
sound,  led  them  to  an  opinion  eoncerniiig  its  causes  and  laws,  which 
only  required  to  be  distinctly  understood,  and  traced  to  mechanical 
principles,  in  order  to  form  a  genuine  science  of  Acoustics.  It  was, 
no  doubt,  a  work  whicb  rec|uired  a  long  time  and  sagacious  reasoners, 
to  supply  what  was  thus  wanting ;  but  still,  in  consequence  of  this 
peculiar  circumstance  in  the  early  condition  of  the  prevalent  doctrine 
concerning  sound,  the  history  of  Acoustics  assumes  a  peculiar  form. 
Instead  of  containing,  lite  the  history  of  Astronomy  or  of  Optics,  a 
series  of  generalizations,  eaeh  including  and  rising  above  preceding 
generalizations;  in  this  case,  the  highest  generalization  is  in  view 
from  the  first;  and  the  object  of  the  philosopher  is  to  determine  its 
precise  meaning  and  circumstances  in  each  example.  Instead  of 
having  a  series  of  inductive  Truths,  successively  dawning  on  men's 
minds,  we  have  a  series  of  Explanations,  in  which  certain  experi- 
mental facts  and  laws  are  reconciled,  as  to  their  mechanical  principles 
and  their  measures,  with  the  general  doctrine  already  in  onr  posses- 
sion. Instead  of  having  to  travel  gradually  towards  a  great  discovery, 
like  Universal  Gravitation,  or  Lnminiferous  Undulations,  we  take  our 
stand  upon  acknowledged  truths,  the  production  and  propagation  of 
sound  by  the  motion  of  bodies  and  of  air ;  and  we  connect  these 
with  other  trutiis,  the  laws  of  motion  and  the  known  properties  of 
bodies,  as,  for  instance,  their  elasticity.  Instead  of  Upocks  of  Dis- 
covery, we  have  Solutions  of  Problems  ;  and  to  these  we  must  now 
proceed. 

We  must,  however,  in  the  first  place,  notice  that  these  Problems 
include  other  subjects  than  the  mere  production  and  propagation  of 
sound  generally.  For  such  qn^tions  as  these  obviously  occur : — 
what  are  the  laws  and  cause  of  the  dift'erences  of  sounds ; — of  acute 
and  grave,  loud  and  low,  continued  and  instantaneous ; — and,  again, 
of  the  differences  of  articulate  sounds,  and  of  the  quality  of  different 
voices  and  different  instruments  ?  The  first  of  these  questions,  in 
particular,  the  real  nature  of  the  difference  of  acute  and  grave  sounds, 
could  not  help  attracting  attention;  since  the  difference  of  notes  in 
this  respect  was  the  foundation  of  one  of  the  most  remarkable  mathe- 
matical sciences  of  antiquity.  Accordingly,  we  find  attempts  to 
explain  this  dift'erence  in  the  ancient  writers  on  music  In  Ptolemy's 
Harmonies,  the  third  Chapter  of  the  first  Book  is  entitled,  "  Itow  the 
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acutenoss  and  graveiiess  of  notes  ia  produced ;"  and  in  tlii'^  iftci 
noting  generally  the  difference  of  sounds,  and  the  causes  ot  diflerence 
{which  he  ebites  to  be  the  force  of  the  striking  body,  the  physn-al 
constitution  of  the  body  struck,  and  other  causes),  he  comes  fo  the 
conclusion,  that  "  the  things  which  produce  acntenesa  in  sounds,  are  a 
greater  density  and  a  smaller  size  ;  the  things  which  produce  grave- 
ness,  are  a  greater  rarity  and  a  bulkier  form."  He  afterwards  explains 
this  so  as  to  include  a  considerable  portion  of  truth.  Thus  he  says, 
"  That  in  strings,  and  in  pipes,  other  things  remaining  the  same,  those 
which  are  stopped  at  the  smaller  distance  fiom  the  bridge  give  the 
most  acute  note  ;  and  in  pipes,  those  notes  which  come  through  holes 
nearest  to  the  mouth-hole  are  most  aente."  He  even  attempts  a 
further  generalization,  and  says  that  the  greater  acnteness  arises,  in 
iact,  from  the  body  being  moi-e  tense ;  and  that  thus  "  hardness  may 
counteract  the  effect  of  greater  density,  as  we  see  that  brass  produces 
a  more  acute  sound  than  lead."  But  this  author's  notions  of  tension, 
since  they  were  applied  so  generally  as  to  include  both  the  tension  of 
a  string,  and  the  tension  of  a  piece  of  solid  brass,  must  necessarily 
have  been  very  vague.  And  he  seems  to  have  been  destitute  of  any 
knowledge  of  the  precise  nature  of  the  motion  or  impulse  by  which 
sound  is  produced ;  and,  of  course,  still  more  ignorant  of  tJio  me- 
chanical principles  by  which  these  motions  are  explained.  The  notion 
of  vibratimi  of  the  parts  of  sounding  bodies,  does  not  appear  to  have 
been  dwelt  upon  as  an  ^sential  circumstance ;  though  in  some  cases, 
as  in  sounding  strings,  the  fact  is  very  obvious.  And  the  notion  of 
vibrations  of  the  air  does  not  at  all  appear  in  ancient  writers,  except 
so  iar  as  it  may  be  conceived  to  be  implied  in  the  comparison  of 
aerial  and  watery  waves,  which  we  have  quoted  from  Vitruvius.  It 
is,  however,  very  unlikely  that,  even  in  the  case  of  water,  the  motions 
of  the  particles  were  distinctly  conceived,  for  such  conception  is  far 
from  obvious. 

The  attempts  to  apprehend  distinctly,  and  to  explain  mechanically, 
the  phenomena  of  sound,  gave  rise  to  a  series  of  Problems,  of  which 
we  must  now  give  a  brief  history.  The  questions  which  more 
peculiarly  constitute  the  Science  of  Acoustics,  are  the  questions  con- 
cerning those  motions  or  affections  of  the  air  by  which  it  is  the 
medium  of  hearing.  But  the  motions  of  sounding  bodies  have  both 
so  much  connexion  with  those  of  the  medium,  and  so  much  resem- 
blance to  them,  that  we  shall  include  in  our  survey  researches  on  that 
subject  also. 
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CHAPTER  11. 

Phoblem  or  THE  Vibrations  of  Stkings, 

THAT  the  eontiiination  of  sound  depends  on  a  continued  minute  and 
rapid  motion,  a  shaking  or  trembling,  of  the  parts  of  the  sounding 
body,  was  soon  seen.  Thus  Bacon  says,'  "The  duration  of  the  sound 
of  a  bell  or  a  string  when  struct,  which  appears  to  he  prolonged  and 
gradually  extinguished,  does  not  proceed  from  the  first  percussion ; 
but  the  trepidation  of  the  body  struck  perpetually  generates  a  new 
sound.  For  if  that  trepidation  be  prevented,  and  the  bell  or  string  be 
stopped,  the  sound  soon  dies ;  as  in  spinets,  as  soon  as  the  spine  is  let 
fell  BO  as  to  touch  the  string,  the  sound  ceases."  In  the  case  of  a 
stretched  string,  it  is  not  difficult  to  perceive  that  the  motion  is  a 
motion  back  and  forwards  across  the  straight  line  which  the  string 
occupies  when  at  rest-.  The  fnrther  examination  of  the  quantitative 
circiunstancea  of  this  oscillatory  motion  was  an  obvious  problem  ;  and 
especially  after  oscillations,  though  of  another  kind  (those  of  a  pendu- 
lous body),  had  attracted  attention,  as  they  had  done  in  the  school  of 
Galileo.  Mersenne,  one  of  the  promulgators  of  Galileo's  philosophy  in 
France,  is  the  first  author  in  whom  I  find  an  examination  of  the  details 
of  this  case  (Barmmicorum  lAber,  Paris,  1636).  He  asserts,'  that  the 
differences  and  concords  of  acute  and  grave  sounds  depend  on  the 
rapidity  of  vibrations,  and  their  ratio ;  and  he  proves  this  doctrine  by 
a  series  of  experimental  comparisons.  Thus  he  finds'  that  the  note  of 
a  string  is  as  its  length,  by  taking  a  string  first  twice,  and  then  four 
times  as  long  as  the  original  string,  other  things  remaining  the  same. 
This,  indeed,  was  known  to  the  ancients,  and  was  the  basis  of  that 
numerical  indication  of  the  notes  which  the  proposition  expresses. 
Mersenne  further  proceeds  to  show  the  effect  of  thickness  and  tension. 
He  finds  (Prop.  1)  that  a  string  must  be  foui'  times  as  thick  as  another, 
to  give  the  octavo  below ;  he  finds,  also  (Prop.  8),  that  the  tension 
mast  be  about  four  tunes  as  great  in  order  to  produce  the  octave  above. 
From  these  proportions  various  others  are  deduced,  and  the  law  of  the 

'  Hist  Son,  el  A-ivl  vol,  ix.  p.  Yl.  '  L.  i.  Prop.  IS.  '  1,  iL  Prap.  6, 
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phenomena,  of  tliis  kind  may  tie  considered  as  determined.  Mersenne 
aiso  undertook  to  measure  the  phenomena  numerically,  that  is  to 
determine  the  number  of  vibrations  of  the  string  in  each  of  such  cases ; 
which  at  first  might  appear  difficult,  since  it  is  obviously  impossible  to 
count  with  the  eye  the  passages  of  a  sounding  string  backwards  and 
forwards.  But  Mersenne  rightly  assumed,  that  the  number  of  vibra- 
tions is  the  same  so  long  as  the  tone  is  the  same,  and  that  the  ratios 
of  the  numbers  of  vibrations  of  different  strings  may  be  detenniued 
from  the  numerical  relations  of  their  notes.  He  had,  therefore,  only 
to  determiDe  the  number  of  vibrations  of  one  certain  string,  or  one 
known  note,  to  know  those  of  all  others.  He  took  a  musical  string  of 
three-quarters  of  a  foot  long,  stretched  with  a  weight  of  six  pounds  and 
five  eighths,  which  he  found  gave  him  by  its  vibrations  a  certain  stand- 
ard note  in  his  oigan:  he  found  that  a  string  of  the  same  material 
and  tension,  fifteen  feet,  that  is,  twenty  times  as  loag,  made  ten  recur- 
rences in  a  second;  and  he  inferred  that  the  number  of  vibrations 
of  the  shorter  string  must  also  be  twenty  times  as  great ;  and  thus 
such  a  string  mnst  make  in.  one  second  of  time  two  hundivd  vibra- 
tions. 

This  determination  of  Mersenne  does  not  appear  to  have  attracted 
due  notice ;  but  some  time  afterwards  attempts  were  made  to  ascer- 
tain the  connexion  between  the  sound  and  its  elementary  pulsations  in 
a  more  direct  manner.  Hooke,  in  1681,  produced  sounds  by  the  strik- 
ing of  the  teeth  of  hiass  wheels,'  and  Stancari,  in  1706,  by  whirling 
round  a  large  wheel  in  air,  showed,  before  the  Academy  of  Bologna, 
how  the  number  of  vibrations  in  a  given  note  might  be  known.  Sau- 
veur,  who,  though  deaf  for  the  first  seven  yeai's  of  his  life,  was  one  of 
the  greatest  promoters  of  the  science  of  sound,  and  gave  it  its  name 
of  Acousiics,  endeavored  also,  about  the  same  time,  to  determine  the 
number  of  vibi-ations  of  a  standard  note,  or,  as  he  called  it.  Fixed 
Sound,  He  employed  two  methods,  both  ingenious  and  both  indi- 
rect. The  first  was  the  method  of  beats.  Two  organ-pipes,  which 
form  a  discord,  are  often  heard  to  produce  a  kind  of  howl,  or  leav^j 
noise,  the  sound  swelling  and  declining  at  small  intervals  of  time.  This 
was  readily  and  rightly  ascribed  to  the  eoincidcncea  of  the  pulsations 
of  sound  of  the  two  notes  after  certain  cycles.  ITius,  if  the  number 
of  vibrations  of  the  notes  wore  as  fifteen  to  sixteen  in  the  same  time, 
every  fifteentli  vibration  of  the  one  would  coincide  with  every  six- 
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teer.th  vibration  of  tin  <  thir,  iiJuJt  all  tho  intermediate  vibrations  of 
the  two  tones  would,  in  \anons  degrees,  disagree  with  each  other; 
and  thus  every  sach  tyr  le,  of  fifteen  and  sixteen  vibrations,  might  he 
heard  as  a  separate  beat  of  sound  Now,  Sauveut  wished  to  take  a 
case  in  which  these  beats  weie  so  slow  as  to  he  counted,''  and  in  which 
the  ratio  of  the  vibrations  of  the  notes  was  known  from  a  knowledge 
of  their  musical  relations.  Thus  if  the  two  notes  form  an  interval  of 
a  semitone,  their  ratio  will  be  that  above  supposed,  fifboen  to  sixteen ; 
and  if  the  beats  be  found  to  be  six  in  a  second,  we  know  that,  in  that 
time,  the  graver  note  makes  ninety  and  the  acuter  ninety-six  vibra- 
tions. In  this  manner  Sauveur  found  that  an  open  organ-pipe,  five 
feet  long,  gave  one  hundred  vibrations  in  a  second. 

Sauveur'a  other  method  is  more  recondite,  and  approaches  to  a 
mechanical  view  of  the  question."  He  proceeded  on  this  basis ;  a 
string,  horizontally  stretched,  cannot  be  drawn  into  a  mathematical 
straight  line,  but  always  hangs  in  a  very  flat  curve,  oi  festoon.  Hence 
Sauveur  assumed  that  its  transverse  vibrations  may  be  conceived  to  be 
identical  witli  the  lateral  swingings  of  such  »  festoon.  Observing  that 
the  stiing  C,  in  the  middle  of  a  harpsichord,  hangs  in  such  a  festoon 
to  the  amount  of  l-323rd  of  an  inch,  he  calculates,  by  the  laws  of 
pendulums,  the  time  of  oscillation,  and  finds  it  l-122nd  of  a  second. 
Thus  this  C,  hisficed  note,  makes  one  hundred  and  twenty-two  vibra- 
tions in  a  second.  It  is  curioas  that  this  process,  seemingly  so  arbi- 
trary IS  capable  of  t^ing  justified  on  mechanical  pnn  iple"!  though 
■Be  can  harlly  ^\e  the  author  ciedit  for  the  iiews  which  this 
justificati  n  implies  It  is  therefoie,  easy  to  understand  that  it 
agreed  with  other  experiments,  in  the  Hwa  which  it  ^a>e  toi  the 
dependence  of  the  tone  on  the  length  and  tension. 

The  problem  ot  satisiactonly  explaining  this  dependence  on  mecha 
ni  al  principlea  naturally  pressed  upon  the  attention  of  mathcmati 
Clans  when  the  law  of  the  phenomena  was  thus  completely  determined 
by  Mersennc  and  bau^eur.  It  was  desirable  to  show  that  both  tie 
circumstances  and  the  measuie  of  the  phenomena  were  suth  as  kno«  n 
mechanical  causes  and  laws  woull  e\pkm.  But  this  problem,  is 
might  be  expected,  was  not  attacked  till  mechanica!  principle'^  and 
the  modes  of  appljmg  them  had  beLome  tolerably  iamiliar 

As  the  vibrations  of  a  string  ire  produced  by  its  tension,  it  appeared 
to  be  necessarj,  m  the  fiist  place,  to  determine  the  law  of  the  tension 
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which  is  called  into  action  by  the  motion  of  tke  string :  for  it  is  mani- 
fest that,  when  the  string  is  drawn  aside  fiflm  the  straight  line  into 
which  it  is  stretched,  there  arises  an  additional  tension,  which  aids  in 
drawing  it  bact  to  ilie  straight  line  as  soon  as  it  is  let  go.  Hooke 
(On  Spring,  1678)  determined  the  law  of  this  addirional  tension, 
which  he  expressed  in  his  noted  formula,  "XJt  tensio  sic  vis,"  the 
Force  is  as  the  Tension ;  or  rather,  to  express  his  meaning  more 
clearly,  the  Force  of  tension  is  as  the  Extension,  or,  in  a  string,  as  the 
increase  of  length.  But,  in  reality,  this  principle,  which  is  important 
in  many  acoustical  problems,  is,  in  the  one  now  before  ns,  unimport- 
ant; the  force  which  ui^s  the  string  towards  the  straight  line, 
depends,  with  such  small  extensions  as  we  have  now  to  consider, 
not  on  the  extension,  but  on  the  curvature ;  and  the  power  of 
treating  the  mathematical  difficulty  of  curvature,  and  its  mechanical 
consequences,  was  what  was  requisite  for  the  solution  of  this  pro- 
blem. 

The  problem,  in  its  proper  aspect,  was  first  attacked  and  mastered 
by  Brook  Taylor,  an  English  mathematician  of  the  school  of  Newton, 
by  whom  the  solution  was  published  in  1715,  in  his  Methodus  Iw:re- 
mentorwm.  Taylor's  solution  was  indeed  imperfect,  for  it  only  pointed 
out  a  form  and  a  mode  of  vibration,  with  which  the  string  TUight  move 
consistently  with  the  laws  of  mechanics ;  not  the  mode  in  which  it 
must  move,  supposing  its  form  to  be  any  whatever.  It  showed  that 
the  cnrve  might  be  of  the  nature  of  that  which  is  called  Ike  companion 
to  ike  cycloid  ;  and,  on  the  supposition  of  the  curve  of  the  string  being 
of  this  form,  the  calculation  confirmed  the  previously  established  laws 
by  which  the  tone,  or  the  time  of  vibration,  had  been  discovered  to 
depend  on  the  length,  tension,  and  bulk  of  the  string.  The  mathe- 
matical incompleteness  of  Taylor's  reasoning  must  not  prevent  us  from 
looking  upon  his  solution  of  the  problem  as  the  most  important  step 
in  the  progress  of  this  part  of  the  subject ;  for  the  difficulty  of  apply- 
ing mechanical  principles  to  the  question  being  once  overcome,  tlie 
extension  and  correction  of  the  appMcation  was  sure  to  be  undertaken 
by  succeeding  mathematicians;  and,  accordingly,  this  soon  happened. 
"We  may  add,  moreover,  that  the  subsequent  and  more  general  solu- 
tions require  to  be  considered  with  reference  to  Taylor's,  in  order  to 
apprehend  distinctly  their  import;  and  fiirther,  that  it  was  almost 
evident  to  a  mathematician,  even  before  the  general  solution  had  ap- 
peared, that  the  dependence  of  the  time  of  vibration  on  the  length 
and  tension,  would  be  tlie  sHtne  in  the  general  case  as  in  the  Taylo- 
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rian  curve ;  so  iJiat,  for  the  ends  of  physical  philosophy,  the  solutior 
wag  not  very  incomplete. 

John  Bernoulli,  a  few  years  afterwards,'  solved  the  problem  of 
vibrating  chords  on  nearly  the  same  principles  and  suppositions  aa 
Taylor ;  but  a  little  later  (in  1747),  the  next  generation  of  great  ma- 
thematicians, D'Alemhert,  Euler,  and  Daniel  Bernoulli,  applied  the 
increased  powers  of  analysis  to  give  generality  to  the  mode  of  treating 
this  question ;  and  especially  the  calculus  of  partial  differentials,  in- 
vented for  this  purpose.  But  at  this  epoch,  tte  discussion,  so  far  as  it 
bore  on  physics,  belonged  rather  to  the  history  of  another  problem, 
which  comes  under  our  notice  hereafter,  that  of  the  composition  of 
vibrations ;  we  shall,  therefore,  defer  the  further  history  of  the  pro- 
blem of  vibrating  strings,  till  we  have  to  consider  it  in  connexion  with 
□ew  experimental  facts. 


OIIAPTER  III. 
Problem  of  tiih  Phopagation  of  Sound. 

VE  have  seen  that  the  ancient  philosophei's,  for  the  most  part,  held 
that  sound  was  transmitted,  as  well  as  produced,  by  some 
motion  of  the  air,  without  defining  what  kind  of  motion  this  was; 
that  some  writers,  however,  applied  to  it  a  very  happy  similitude,  tlie 
expansive  motion  of  the  circnlar  waves  produced  by  throwing  a  stone 
into  still  water ;  but  that  notwithstanding,  some  rejected  this  mode 
of  conception,  as,  for  instance,  Ba«on,  who  ascribed  the  ti-ansmi^on 
of  sound  to  certain  "  spiritual  species." 

Though  it  was  an  obvious  thought  to  ascribe  the  motion  of  sonnd 
to  some  motion  of  air ;  to  conceive  what  kind  of  motion  could  and 
did  produce  this  etFect,  mnst  have  been  a  matter  of  grave  perplexity 
at  the  time  ot  which  we  are  speaMng ;  and  is  far  from  easy  to  most 
pei'sons  eien  now.  We  may  judge  of  the  difficulty  of  forming  this 
conception,  when  we  recollect  that  John  Bernoulli  the  younger' 
declared,  that  he  conld  not  understand  Newton's  proposition  on  this 
subject  The  difficulty  consists  in  this ;  that  the  movement  of  the 
parts  of  an,  in  which  sound  consists,  travels  along,  but  that  the  parts 

'  Op.  iii.  p,  207,  '  Prize  His.  on  Liijht,  1738. 
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of  air  thciasclvra  do  not  so  travel.  Accordingly  Otto  Guericke,"  the 
inventor  of  the  air-pump,  asks,  "  How  can  sound  be  conveyed  bj  the 
motion  of  the  air !  when  we  find  tliat  it  is  better  conveyed  through 
air  that  ia  still,  than  when  there  is  a  wind."  We  may  observe,  how- 
ever, that  he  was  partly  misled  by  finding,  as  he  tbouffht,  that  a  bell 
could  be  heard  in  the  vacuum  of  his  air-pump ;  a  It  I  h 
probably,  from  some  imperfection  in  his  apparatus 

Attempts  wete  made  to  determine,  by  espe       nt,  th  um 

stances  of  the  motion  of  sound  ,  and  especially  its     1     ty     Gtss    d 
WIS  one  of  the  first  who  did  thi=     He  emploj  cd  ii     a  m    f      tl 
purpose,  and  thus  found  the  velocity  to  be  14  3  P  n    t    t 
second      Eoberval  fotind  a  velocity  so  sm^ll  (560  f   t)  th  t  t  tl 
uncertainty  npon  the  rest,  and  afiected  Newton        is    mgs      t 
quectly'     Cassini,  Huyghens,  Piiaid,  Koinei,  f      da      1     ty     f 
1172  Pans  feet,  which  i^^  more  accurate  than  th    f   m         Gai*  nd 
hid  been  inrprised  to  find  that  the  velocitj  with     h   h  1   fa    1 

IS  the  fcame  whether  they  are  bud  oi  gentle 

The  explanation  of  this  constant  velocity  of  sound  a  J  f  t  n  nt 
was  one  of  the  problems  of  which  a  solution  was  gi  n  n  th  T  at 
Charter  of  modern  science,  Newton's  Pnncipia  (1  87)  Th  f 
the  first  time,  were  explained  the  real  nature  of  the  m  t  n  d  t  1 
action  of  the  parts  of  the  air  through  which  sound  t  -ansn  ft  J  It 
wasshown"  that  a  body  vibrating  in  an  elastic  mo  1  n  dip  p%,at 
pates  through  the  medium;  thatis,  the  parts  of  th  m  di  m  wllm 
forwards  and  backwards,  and  this  motion  will  ^e  t    u  ly  th  se 

parts  which  are  at  a  greater  and  greater  distanc    fr  m  th      ng       f 
motion.     The  parts,  in  going  forwards,  produ       coad  nsab  n      n 
returning  to  their  fimt  places,  they  allow  extensi  n     and  th    pi  y    t 
the  elasticities  developed  by  tliese  expansions  and     nt     t     «,     [  pi 
the  forc^  which  continue  to  propagate  the  motioi 

The  idea  of  such  a  motion  as  this,  is,  as  we  hav         It     f  ■jsy 

to  apprehend  distinctly :  bat  a  distinct  apprehen  n  f  t  a  t  p 
essential  to  the  physical  part  of  the  sciences  now  under  notice;  for  it 
is  by  means  of  anch  pulses,  or  undulations,  that  not  only  sound,  but 
light,  and  probably  heat,  are  propagated.  We  constantly  meet  with 
evidence  of  the  difficulty  which  men  have  in  conceiving  this  undulatory 
motion,  and  in  separating  it  from  a  local  motion  of  the  medium  as  a 

'  De  Vac.  Spai.  p,  188,  '  Fisoher,  Gesck.  d.  Fhysilc.  vol  i  iTl. 

'  Newt.  Prin.  E.  ii.  P.  50,  Sehol.     «  Newt,  Prht.  B.  iL  P.  4S. 
Vol.  n.— S. 
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mass.  For  instance,  it  is  not  easy  at  first  to  conceive  the  waters  of  a 
great  river  flowing  constantly  down  towards  the  sea,  while  waves  are 
rolling  up  the  very  same  part  of  the  stream ;  and  while  the  great  ele- 
vation, which  makes  the  tide,  is  trayelling  from  the  aea  perhaps  with 
u  velocity  of  fifty  miles  an  honr.  The  motion  of  such  a  wave,  or  elevar 
tion,  is  distinct  fi'om  any  streajn,  an\  is  of  the  nature  of  undulations  in 
general.  The  parts  ot  the  fluid  stir  for  a  short  time  and  for  a  small 
distance,  so  as  to  ai,i.nmulate  themselves  on  a  neighboring  part,  and 
then  retire  to  their  fonnor  plane,  and  this  movement  afiects  the  parts 
in  the  order  of  their  pla  es  Perhaps  if  the  reader  looks  at  a  field  of 
standing  corn  when  gusts  tf  w  md  are  sweeping  over  it  in  visible  waves, 
he  will  have  his  conception  of  this  matter  aided ;  for  he  will  see  that 
here,  where  ea«h  eai-  of  grain  is  anchored  by  its  stalk,  there  can  be  no 
permanent  local  motion  of  the  substance,  but  only  a  successive  stooping 
and  rising  of  the  separate  straws,  producing  hollows  and  waves,  closer 
and  laxer  strips  of  the  crowded  ears. 

Newton  had,  moreover,  to  consider  the  mechanical  consequences 
which  such  condensations  and  rarefactions  of  the  elastic  medium,  air, 
would  produce  in  the  parts  of  the  fluid  itself.  Employing  known  laws 
of  the  elasticity  of  air,  he  showed,  in  a  very  remarkable  proposition,' 
the  law  according  to  which  tlie  particles  of  air  might  vibrat«.  We 
may  oteerve,  that  in  this  solution,  as  in  that  of  the  vibrating  string 
already  mentioned,  a  rule  was  exhibited  according  to  which  the  parti- 
cles might  oscillate,  but  not  the  law  to  which  they  must  confonn.  It 
was  proved  that,  by  taking  the  motion  of  each  particle  to  be  perfectly 
similar  to  that  of  a  pendulum,  tJie  forces,  developed  by  contraction  and 
expansion,  were  precisely  such  as  the  motion  required ;  but  it  was  not 
shown  that  no  other  type  of  oscillation  would  give  rise  to  the  same 
accordance  of  force  and  motion,  Newton's  reasoning  also  gave  a 
determination  of  the  speed  of  propagation  of  the  pulses :  it  appeared 
that  sound  ought  to  travel  with  the  velocity  which  a  body  would 
acquire  by  falling  fi-eely  through  half  the  height  of  a  honiogeneims 
atmosphere;  "the  height  of  a  homogeneous  atmosphere"  being  the 
height  which  the  air  must  have,  in  order  to  produce,  at  the  earth's 
surface,  the  actual  atmospheric  pressure,  supposing  no  diminution  of 
den^ty  to  take  place  in  ascending.  This  height  is  about  29,000  feet ; 
and  hence  it  followed  that  the  velocity  was  968  feet.  This  velocity  is 
really  considerably  lees  than  that  of  sound ;  but  at  the  time  of  which 

"  Prine.  B.  ii.  Pi'op.  48. 
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we  speak,  no  accurate  measure  tad  been  established;  and  Newton 
porsnaded  timself,  by  experiments  made  in  tlie  cloister  of  Trinity  Col- 
lege, his  residence,  that  his  calculation  was  not  fer  from  the  fact. 
"When,  afterwards,  more  exact  experiments  showed  the  velocity  to  be 
1142  English  feet,  Newton  attempted  to  esplain  the  difference  by 
various  considerations,  none  of  which  were  adequate  to  the  purpose; 
— as,  the  dimensions  of  the  soKd  particles  of  which  the  fluid  air  con- 
sists ; — or  the  vapors  which  are  mixed  with  it.  Other  writers  offered 
other  su^estions ;  hut  the  tme  solution  of  the  difficulty  was  resen-ed 
for  a  period  considerably  subsequent. 

Newton's  calculation  of  the  motion  of  sound,  though  logically  in- 
complete, was  the  great  step  in  the  solution  of  tlie  problem ;  for  ma- 
thematicians could  not  but  presume  that  his  result  was  not  restricted 
t«  tlie  hypothesis  on  which  he  had  obtained  it;  and  the  extension  of 
the  solution  required  only  mere  ordinary  talents.  The  logical  defect 
of  his  solution  was  assailed,  as  might  have  been  expected.  Cranmer 
(professor  at  Geneva),  in  1741,  conceived  that  he  was  destroying  the 
conclusiveness  of  Newton's  reasoning,  by  sliowing  that  it  applied 
equally  to  other  modes  of  oscillation.  This,  indeed,  contradicted  the 
enunciation  of  the  48th  Prop,  of  the  Second  Book  of  the  Pri-ncipiaj 
hut  it  confirmed  and  extended  all  the  general  results  of  the  demon- 
stration; for  it  left  even  the  velocity  of  sound  unaltered,  and  thiis 
showed  that  the  velocity  did  not  depend  mechanically  on  the  type  of 
the  oscillation.  But  the  satisfactory  establishment  of  this  physical 
generalization  was  t«  be  supplied  from  the  vast  generalizations  of  ana- 
lysis, which  mathematicians  were  now  becoming  able  to  deal  with. 
Accordingly  this  task  was  performed  by  the  great  master  of  analytical 
generalization,  Lagrange,  in  1759,  when,  at  the  age  of  twenty-three, 
he  and  two  iriends  published  the  first  volume  of  the  Turin  Memoirs. 
Euler,  as  his  manner  was,  at  once  perceived  the  merit  of  the  new 
solution,  and  pursued  the  subject  on  the  views  thus  su^ested.  Various 
analytical  improvements  and  extensions  were  introduced  into  the  sohi 
tion  by  the  two  great  mathematicians ;  but  none  of  these  at  all  altered 
the  foi-mula  by  which  the  velocity  of  sound  was  expressed  ;  and  the 
discrepancy  between  calculation  and  obsor\'ation,  about  one-sixth  of 
the  whole,  which  had  perplexed  Newton,  remained  still  unaccounted  for. 

The  merit  of  satisfactorily  explwnlng  this  discrepancy  belongs  to 
Laplace.     He  was  the  first  to  remark'  that  the  common  law  of  the 

'  Mic.  Oil  t.  Y.  I.  sii.  p.  96. 
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a  of  elasticity  in  the  air,  as  dependent  on  its  compression,  cannot 
be  applied  to  those  rapid  vibrations  in  which  sound  consists,  since  the 
sudden  compression  produces  a  degree  of  heat  which  additionally  in- 
creases the  elasticity.  The  ratio  of  this  increase  depended  on  the 
experiments  by  which  the  relation  of  heat  and  air  is  established. 
Laplace,  in  1816,  published'  tlie  tlieorem  on  which  the  correction 
depends.  On  applying  it,  the  calculated  velocity  of  sound  agreed 
very  closely  with  the  best  antecedent  experiments,  and  was  confirmed 
by  more  exact  ones  instituted  for  that  purpose. 

This  step  completes  the  solution  of  the  problem  of  the  propagation 
of  sound,  as  a  mathematical  inductjon,  obtained  from,  and  verified  by, 
facts.  Most  of  the  discussions  eoneeming  points  of  analysis  to  which 
the  investigations  on  this  subject  gave  rise,  as,  for  instance,  the  admis- 
sibility of  discontinuous  functiom  into  the  solutions  of  partial  differ- 
ential equations,  belong  to  the  history  of  pure  mathematics.  Those 
which  really  concern  the  physical  theory  of  sound  may  be  referred  to 
tlie  problem  of  the  motion  of  air  in  tubes,  to  which  we  shall  soon 
have  to  proceed ;  but  we  must  first  speak  of  another  form  which  the 
problem  of  vibrating  stiings  assumed. 

It  deserves  to  be  noticed  that  tiie  ultimate  result  of  the  study  of  the 
undulations  of  fluids  seems  to  show  that  the  comparison  of  the  motion 
of  air  in  the  diffusion  of  sound  witli  the  motion  of  circular  waves 
from  a  centre  in  water,  which  is  mentioned  at  the  beginning  of  tliis 
chapter,  though  pertinent  in  a  certain  way,  is  not  exact.  It  appears 
by  Mr.  Scott's  recent  investigations  concerning  waves,'  that  the  circu- 
lar waves  are  oscillating  waves  of  the  Second  order,  and  are  gregariom. 
The  sound-wave  seems  rather  to  resemble  the  great  solitary  "Wave  of 
Translation  of  the  Firet  order,  of  which  we  have  already  spoken  in 
Bookvi.  chapter  vi, 


CHAPTER  IV. 

PkOBLBM    op    BIFTEREBT    SoUNnS    or    THE    SAME    StRINO. 

"T  had  been  observed  at  an  early  period  of  acoustical  knowledge, 
-  that  one  string  might  give  several  sounds.     Mersenne  and  others 


i.  p.  288.      "  BHt.  Ase.  Beporffor  1844,  p.  3 
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had  noticed'  that  wiien  a  string  vibrates,  one  which  is  in  uinsoii  with 
it  vibrates  without  being  touched.  He  was  also  aware  that  this  was 
true  if  the  second  string  was  an  octave  or  a  twelfth  below  tlie  first. 
Tliis  was  ohscrved  as  a  new  fact  in  England  in  1674,  and  comnrani- 
cated  to  the  Royal  Society  by  Walhs.'  Ent  tlie  later  observers  as- 
certained further,  that  the  longer  string  divides  itself  into  two,  or  into 
three  equal  parts,  sepai-ated  by  nodes,  or  points  of  rest;  tliia  they 
proved  by  hanging  bits  of  paper  on  different  parts  of  the  string.  The 
discovery  so  modified  was  again  made  hy  Sauvcur'  about  1700.  Tlic 
sounds  thus  produced  in  one  string  by  the  vibration  of  another,  have  ^ 
been  termed  Sympathetic  Sounds.  Similar  sounds  are  often  pro- 
duced by  performers  on  stringed  instruments,  by  touching  the  string 
at  one  of  its  aliquot  divisions,  and  are  then  called  tlie  Acute  Harmo- 
nies. Such  feets  were  not  difiicult  to  explain  on  Taylor's  view  of  the 
inechanieal  condition  of  the  stiing ;  but  the  difficulty  was  increased 
when  it  was  noticed  that  a  sounding  body  could  produce  these  differ- 
ent notes  at  tJie  same  time.  Mersecne  had  remarked  this,  and  the  fact 
was  more  distinctly  observed  and  poraued  by  Sauveur.  The  notes 
thus  produced  in  addition  to  the  genuine  note  of  the  string,  have  been 
called  Secondary  Notes ;  those  usually  heai-d  are,  the  Octave,  the 
Twelfth,  and  the  Seventeenth  above  the  note  itself.  To  supply  a  mode 
of  conceiving  distinctly,  and  explaining  mechanically,  vibrations  which 
should  allow  of  such  an  effect,  was  therefore  a  requisite  step  in 
acoustics. 

This  task  was  performed  by  Daniel  BemoiiOi  in  a  memoir  pnb- 
lished  in  1755.'  He  there  stated  and  proved  the  Piinciple  of  the  co- 
existence of  small  vibratton<'  It  wa«  alrealj  estabhihed,  that  a  stnng 
might  \ibrato  either  in  a  single  swellivg  (if  we  use  this  wird  to  ex 
pre's  the  tune  between  two  nodes  which  Bernoulli  calls  a  lentie),  oi 
in  two  or  three  or  any  number  ot  equal  swelling's  with  immoveable 
nodes  between  Daniel  Bernoulli  "howed  further,  that  these  noies 
night  be  combined,  eath  fiking  place  as  if  it  weie  the  onlj  one 
i\  IS  appears  suf6en,nt  to  t.\plam  the  coexistence  of  the  harmonic 
1  unds  ]ust  noticed  D'\lembert  indeed  in  the  article  J'unrfaniwifaJ 
in  the  Fiench  Sncychpedie,  ind  Ligr^nge  m  his  D  isetfatimi  on 
Sound  in  the  Tui-in  Memoirs,'  offer  several  objections  to  this  explana- 
tion ;  and  it  cannot  be  denied  that  the  subject  has  its  difficulties  ;  but 

■  Eamu  lib.  ir.  Prop.  28  (168(5).      =  Ph.  Tr.  1617,  April.      =  A.  P.  1701. 
'  Serliit  Mem..  1763,  p.  147.  »  T.  i.  pp.  64,  103. 
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still  these  do  not  depvivo  Bemonlli  of  tlic  merit  of  having  pointed 
out  the  principle  of  Coexistent  Vibrations,  or  divest  tliat  principle  of 
its  value  in  physical  science. 

Daniel  Bernonlli's  Memoir,  of  which  we  speak,  was  published  at  a 
period  when  the  clouds  which  iavolvethe  general  analytical  treatment 
of  the  problem  of  vibrating  strings,  were  thickening  about  Euler  and 
D'Alembert,  and  darkening  into  a  controversial  hue ;  and  as  Bernoulli 
ventured  fo  interpose  his  view,  as  a  solution  of  these  difficulties,  which, 
in  a  mathematical  sense,  it  is  not,  we  can  hardly  be  surprised  that  he 
met  with  a  rebuff.  The  further  prosecution  of  the  different  modes  of 
vibration  of  the  same  body  need  not  be  here  considered. 

The  sounds  which  are  called  Grave  Harmonics,  have  no  analogy 
with  the  Acute  Harmonics  above-mentioned ;  nor  do  they  belong  to 
this  section  ;  for  in  the  case  of  Grave  Harmonics,  we  have  one  sonnd 
from  the  co-operation  of  two  strings,  instead  of  several  somids  from 
one  string.  These  harmonics  are,  in  fact,  connected  with  beats,  of 
which  we  have  already  spoken ;  the  beats  becoming  so  close  as  to  pro- 
duce a  note  of  definite  musical  quality.  The  discovery  of  the  Grave 
Harmonics  is  usually  ascribed  to  Tartini,  who  mentions  them  in  1754  ; 
but  they  are  first  noticed"  in  the  work  of  Soige  On  tuning  Organs, 
llii.  He  there  expresses  this  discovery  in  a  query.  "Whence 
comes  it,  that  if  we  tune  a  fifth  (2  :  3),  a  third  sound  is  faintly  heard, 
the  octave  below  the  lower  of  the  two  notes  ?  Nature  shows  that 
with  2  :  8,  she  still  requires  the  nnity,  to  perfect  the  order  1,  2,  3." 
The  truth  is,  that  these  mimbers  express  the  frequency  of  the  vibra- 
tions, and  thus  there  will  be  coincidences  of  the  notes  2  and  3,  which 
are  of  the  frequency  1,  and  consequently  give  the  octave  below  the 
sound  2.    This  is  the  esplanation  given  by  Lagrange,'  and  is  indeed 


CHAPTER  V. 


IT  was  taken  for  granted  by  those  who  reasoned  on  sounds,  that  the 
somids  of  flutes,  oi^an-pipes,  and  wind-instruments  in  general,  con- 


"  ClilaJni.  Acoust  p.  254.  '  Mem.  Tur.  l  p.  104, 
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sisted  in  vibrations  of  some  kind  ;  but  to  determine  the  nature  and  laws 
of  these  vibrations,  and  to  reconcile  tliem  with  mechanical  principles, 
was  far  from  easy.  The  leading  facte  whieh  had  been*  noticed  were, 
that  the  note  of  a  pipe  was  proportional  to  its  length,  and  that  a  flute 
and  similar  instmmenfe  might  be  made  to  produce  some  of  the  acute 
harmomes,  as  well  as  the  genuine  note.  It  had  further  been  noticed,' 
that  pipes  closed  at  the  end,  instead  of  giving  the  series  of  harmonics  i, 
1,  J,  Jj.ifec..,  would  give  only  tliose  notes  which  answer  to  the  odd 
numbers  i,  i,  i,  &c.  In  this  problem  also,  Newton"  made  the  first 
step  to  the  solution.  At  the  end  of  the  propositions  respecting  tlie 
velocity  of  sound,  of  which  we  have  spoken,  he  noticed  that  it  appeared 
by  taking  Mersenne's  or  Sauveur's  determination  of  the  mimber  of 
vibrations  corresponding  to  a  given  note,  that  the  pulse  of  air  runs 
over  twice  the  length  of  the  pipe  in  the  time  of  each  vibration.  He 
does  not  follow  out  this  obsen-ation,  but  it  obviously  points  to  the 
theory,  that  the  sound  of  a  pipe  consists  of  pulses  which  travel  back 
and  forwards  along  its  length,  and  are  kept  in  motion  by  the  breath  of 
the  player.  This  supposition  would  account  for  the  observed  depend- 
ence of  the  note  on  the  length  of  the  pipe.  Tho  subject  does  not 
appear  to  have  been  again  taken  up  in  a  theoretical  way  till  about 
1'760;  when  Lagrange  in  the  second  volume  of  the  Turin  Memoirs, 
and  J).  Bernoulli  in  the  Memoirs  of  the  French  Acadmny  for  1762, 
published  important  essays,  in  which  some  of  the  leading  facts  were 
satisfectortly  explained,  and  which  may  therefore  be  considered  as  the 
principal  solutions  of  the  problem. 

In  these  solutions  there  was  necessarily  something  hypothetical.  In 
the  case  of  vibrating  strings,  as  we  have  seen,  the  Form  of  the  vibrating 
curve  was  guessed  at  only,  but  the  existence  and  position  of  the  Nodes 
could  be  rendered  visible  to  the  eye.  In  the  vibrations  of  air,  we  can- 
not see  either  the  places  of  nodes,  or  the  mode  of  vibration ;  but  several 
of  the  results  are  independent  of  these  circumstances.  Thus  both  of 
the  solutions  explain  the  fact,  that  a  tube  closed  at  one  end  is  in  unison 
with  an  open  tube  of  double  the  length ;  and,  by  supposing  nodes  to 
occur,  they  account  for  the  existence  of  the  odd  series  of  harmonics 
alone,  I,  3,  5,  in  closed  tubes, -while  the  whole  series,  i,  2,  3,  4,  5,  &c,, 
occurs  in  open  one's.  Both  views  of  the  nature  of  the  vibration  appear 
to  be  neaily  the  ^ame;  though  Lagrange's  is  expressed  with  an  analy- 
tical generality  which  renders  it  obscure,  and  Bernoulli  has  perhaps 

D,  Eomnulli,  BoUn.  Mem.  1153,  p.  150.  =  Frhtoip.  Scliol,  Pi'op.  50. 
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laid  down  an  Jiypothesis  more  special  tlian  was  necessary,  Lagi'ango' 
considers  the  vibration  of  open  flutes  as  "the  oscillations  of  a  fibre  of 
air,"  under  the'  condition  that  its  elasticity  at  the  two  ends  is,  daring 
the  whole  oscillation,  the  same  as  that  of  the  sunxiunding  atmosphere. 
Bernoulli  supposes*  the  whole  inertia  of  the  air  in  the  flute  to  be  col- 
lected into  one  particle,  and  this  to  be  moved  by  the  whole  elasticity 
arising  from  this  displacement  It  may  be  observed  that  both  these 
modes  of  treating  the  matter  come  very  near  to  what  we  have  stated 
as  Newton's  theory ;  for  though  Bernoulli  supposes  all  the  air  in  the 
fiute  to  be  moved  at  once,  and  not  successively,  as  by  Newton's  pulse, 
in  either  case  tie  whole  elasticity  moves  the  whole  air  in  the  tube,  and 
requires  more  time  to  do  this  according  to  its  quantity.  Since  that 
time,  the  subject  has  i-eccived  further  mathematical  developement  from 
Euler,'  Lambert,'  and  Poisson ;'  but  no  new  explanation  of  facts  has 
arisen.  Attempts  have  boweverbeen  made  to  ascertain  experimentally 
the  places  of  the  nodes.  Eernoiflli  himself  had  shown  that  this  place 
was  aifected  by  the  amount  of  the  opening,  and  Lambert'  had  examined 
other  cases  with  the  same  view.  Savart  traced  the  node  in  various 
musical  pipes  under  diflei-ent  conditions  ;  and  veiy  recently  Mr.  Hop- 
kins, of  Cambridge,  has  pursued  the  same  experimental  inquiry."  It 
appears  from  these  researches,  that  the  eai'ly  asamnptiona  of  mathema- 
ticians with  regard  to  the  position  of  the  nodes,  are  not  exactly  verified 
by  the  fects.  When  the  air  in  a  pipe  is  made  to  vibrate  so  as  to  have 
sevei-al  nodes  which  divide  it  into  equal  parts,  it  had  been  supposed  by 
acoustical  writers  that  the  part  adjacent  to  the  open  end  was  Jialf  of 
the  other  parts  ;  the  outermost  node,  however,  is  found  experimentally 
to  be  displaced  from  the  position  thus  assigned  to  it,  by  a  quantity 
depending  on  several  collateral  circumstances. 

Since  our  purpose  was  to  consider  this  problem  only  so  far  as  it  has 
tended  towards  its  mathematical  solution,  we  have  avoided  saying 
anything  of  the  dependence  of  the  mode  of  vibration  on  the  cause  by 
which  the  sound  is  produced ;  aud  consequently,  the  researches  on 
the  effects  of  reeds,  embouchures,  and  the  Hke,  by  Chladni,  Savart, 
Willis,  and  others,  do  not  belong  to  our  subject  It  is  easily  seen 
that  tie  complex  effect  of  the  elasticity  and  other  properties  of  tlie 
reed  and  of  the  air  tt^ther,  is  a  problem  of  which  we  can  hardly 

'  Mim.  Turirt,  voL  ii.  p.  164  '  Mem,  Berlin,  1?5S,  p.  446. 

'  ^011.  Act.  Petrop.  torn.  ivi.  •  Acad.  Berlin,  ITlB, 

'  JmerjL  Ec.  Polyl.  cap.  14.  '  Acad.  Berlin,  1115. 

'  Camb.  Trans,  vol  v.  p.  284. 
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liope  to  give  SI  complete  sioliitioii  till  our  tnowledge  lias  advanced 
much  beyond  its  present  condition. 

Indeed,  in.  the  science  of  Acoustics  there  is  a  vast  body  of  facts  to 
which  we  might  apply  what  has  just  been  said ;  but  for  the  Sfuke  of 
pointing  out  some  of  them,  wo  shall  consider  them  as  the  subjects  of 
one  extensive  and  yet  unsolved  problem. 


CHAV'J'EIt  VI. 


Bodies  in  oesbual. 

NOT  only  the  objects  of  which  we  have  spoken  hitherto,  stiings  aad 
pipes,  but  almost  all  bodies  are  capableof  vibration.  Bells,  gongs, 
tuning-forks,  are  examples  of  solid  bodies ;  drams  and  tambourines,  of 
membranes ;  if  we  nm  a  wet  finger  along  the  edge  of  a  gla^  goblet, 
wc  throw  the  fluid  which  it  contains  into  a  regular  vibration  ;  and  tlie 
various  character  which  sounds  possess  according  to  the  room  in  which 
they  are  uttered,  shows  that  large  masses  of  air  have  peculiar  modes 
of  vibration.  Vibrations  arc  generally  accompanied  by  sound,  and 
they  may,  therefore,  be  considered  as  acoustical  phenomena,  especially 
as  the  sound  is  one  of  the  most  decisive  iacts  in  indicating  the  mode 
of  vibration.  Moreover,  every  body  of  this  kind  can  vibrate  in  many 
different  ways,  the  vibrating  segments  being  divided  by  Nodal  Linos 
and  Surfaces  of  various  form  and  number.  The  mode  of  vibration, 
selected  by  the  body  in  each  case,  is  determined  by  the  way  in  which 
it  is  held,  the  way  in  which  it  is  set  in  vibration,  and  the  like  circum- 
stances. 

The  general  problem  of  such  vibrations  includes  the  discovery  and 
classification  of  the  phenomena;  the  detection  of  their  formal  laws ; 
and,  finally,  the  esplanatiou  of  these  on  mechanical  principles.  Wo 
must  speak  very  briefly  of  what  has  been  done  in  these  ways.  The 
facts  which  indicate  Nodal  Lines  had  been  remarked  by  Galileo, 
on  the  sounding  board  of  a  musical  instrument ;  and  Hooke  had 
proposed  to  observe  the  vibrations  of  a  bell  by  strewing  flour  upon 
it^  But  it  V/S&  Chladni,  a  German  philosopher,  who  enriched  acous- 
tics with  the  discovery  of  the  vast  variety  of  symmetrical  figures  of 
Nodal  Lines,  which  are  exhibited  on  plates  of  regular  forms,  when 
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made  to  sound.  His  fii'st  investigations  on  this  snliject,  EntdecJcun- 
gen  ilber  die  Tlnorie  des  Klangs,  were  pnblislied  ITS'! ;  and  in  1802 
and  1817  he  added  other  discoveries.  In  these  works  he  not  only 
related  a  vast  number  of  new  and  curions  fects,  bnt  in  some  measure 
reduced  some  of  them  to  order  and  law.  For  instance,  he  has 
traced  all  the  vibrations  of  square  plates  to  a  resemblance  with 
those  forms  of  vibration  in  which  N^odal  Lines  are  parallel  to  one 
side  of  the  square,  and  those  in  which  they  are  parallel  to  another 
side;  and  he  has  established  a  notation  for  the  modes  of  vibra- 
tion founded  on  this  classification.  Thns,  5-2  denotes  a  form  in 
which  there  are  five  nodal  lines  parallel  to  one  side,  and  two  to 
another ;  or  a  form  whicJi  can  be  traced  to  a  chsfigurement  of  such  a 
standard  type.  Savart  pursued  this  subject  still  further ;  and  traced, 
by  actual  observation,  the  forms  of  the  Nodal  Surfaces  which  divide 
solid  bodies,  and  masses  of  air,  when  in  a  state  of  vibration. 

The  dependence  of  such  vibrations  upon  their  physical  cause, 
namely,  the  elasticity  of  the  substance,  wo  can  conceive  in  a  general 
way ;  but  the  mathematical  theory  of  such  cases  is,  as  might  be 
supposed,  very  difiicnlt,  even  if  we  confine  ourselves  to  the  obvious 
question  of  the  meehanical  possibility  of  these  different  modes  of 
vibration,  aad  leave  out  of  consideration  their  depend  nee  upon  ti  e 
mode  of  excitation.  The  transverse  vibrations  of  elast  ro  Is,  plate 
and  rings,  had  been  considered  by  Euler  in  17T9  ;  but  I  a  calculat  o 
concermng  plates  had  foretold  only  a  small  part  of  the  t,ur  ous  pheno- 
mena observed  by  Ohladni ;'  and  the  several  notes  wh  h  a  oid  n^ 
to  his  calculation,  the  same  ring  ought  to  give,  were  not  n  air  ee  ent 
with  experiment.'  Indeed,  researches  of  this  tind,  as  e  nd  ct  lb 
Euler,  and  other  authors,'  rather  were,  and  were  intended  f  eia  n 
pies  of  analytical  skill,  than  explanations  of  physical  facts  Jan  s 
Bernoulli,  after  the  publication  of  Chladni's  experiments  in  1T87, 
attempted  to  solve  the  problem  for  plates,  by  treating  a  plate  as 
a  coUection  of  fibres ;  but,  as  Chladni  observes,  the  justice  of  this 
mode  of  conception  is  disproved,  by  the  disagreement  of  its  results 
with  experiment. 

The  Institute  of  France,  which  had  approved  of  Chladni's  labours, 
pi-oposed,  in  1809,  the  problem  now  before  us  as  a  prize-question :' — 
"  To  give  the  mathematical  theory  of  the  vibrations  of  elastic  snr- 

'  Fiseher,  vi.  S87.  '  lb.  vL  596. 

'  See  Chlndni,  p.  4T4.  '  See  Chl.idiii,  p.  357. 
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faces,  and  to  compare  it  witli  experiment."  Only  one  memoir  was 
sent  in  as  a  candidate  for  the  prize ;  and  this  was  not  crowned,  thoiigii 
honorable  mention  was  made  of  it.'  The  formulie  of  James  Ber- 
nonlh  were,  according  to  M.  Poisson's  statement,  defective,  in  conse- 
quence of  hia  not  taking  into  account  the  normal  force  which  acts  at 
the  exterior  boundary  of  the  p3at«.°  The  author  of  the  anonymous 
memoir  corrected  this  error,  and  calculated  the  note  corresponding  to 
various  figures  of  the  nodal  lines;  and  he  found  an  agreement  with 
experiment  sufficient  to  justify  his  theory.  He  had  not,  however, 
proved  his  fundamental  equation,  which  M,  Poisson  demonstrated  in 
a  Memoir,  read  in  1814.'  At  a  more  recent  period  also,  MM. 
I'oisson  and  Cauchy  (as  well  as  a  lady,  Mile.  Sophie  Germain)  have 
applied  to  this  problem  the  artifices  of  the  most  improved  analysis. 
M.  Poisson'  determined  the  relation  of  the  notes  given  by  the  longi- 
tudinal and  the  transverse  vibrations  of  a  rod  ;  and  solved  the  problem 
of  vibrating  circular  plates  when  the  nodal  lines  are  concentric  circles. 
In  both  these  cases,  the  numerical  agreement  of  his  results  with  expe- 
rience, seemed  to  confirm  the  justice  of  his  fundamental  views."  He 
proceeds  upon  the  hypothesis,  that  elastic  bodies  are  competed  of 
separate  particles  held  together  by  the  attractive  forces  which  they 
esert  upon  each  other,  and  distended  hy  the  repulsive  force  of  heat 
M.  Cauchy'"  has  also  calculated  the  transverse,  longitudinal,  and 
rotatory  vibrations  of  elastic  rods,  and  has  obtained  results  agreeing 
closely  with,  experiment  through  a  considerable  list  of  comparisons. 
The  combined  authority  of  two  profound  analysts,  as  MM.  Poisson 
and  Cauchy  are,  leads  us  to  believe  that,  for  the  simpler  cases  of  the 
vibrations  of  elastic  bodies,  Mathematics  has  executed  her  task ;  bat 
most  of  the  more  complex  cases  remain  ss  yet  unsubdued. 

The  two  brothers,  Ernest  and  William  Weber,  made  many  cuaious 
observations  on  undulations,  which  are  contained  in  their  Wellerdehre, 
(Doctrine  of  Waves,)  published  at  Leipsig  in  1825.  They  were  led 
to  suppose,  (as  Young  had  suggested  at  an  earlier  period,)  that 
Chladni'a  figures  of  nodal  lines  in  plates  were  to  be  accounted  for  by 
the  superposition  of  undulations."  Mr.  Wheatstone"  h^  undertaken 
to  account  for  Chladni's  figures  of  vibrating  square  plates  by  this 


'  Poiawn'a  Mbn.  mAc.  Sc.  1812,  p.  ISa.       °  lb.  p.  220. 

'  lb.  1B12,  p.  2.  "  lb.  t.  viii.  1829. 

'  Ah.  Chwa.  torn,  xsxvi.  IBS'!,  p.  SO.    "  Eierdees  de  Mathemaiiquc,  iii.  and  ir. 

"  WtllenUhre,  p.  474.  "  Phil.  "Trans.  1833,  p.  58S. 
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superposition  of  two  or  more  simple  and  obviously  allowable  modes 
of  nodal  division,  whicL  liavc  the  same  time  of  vibration.  He  assumes, 
for  this  purpose,  certain  "  primary  figures,"  containing  only  parallel 
nodal  lines;  and  by  combining  these,  first  in  tivta,  and  then  in  fours, 
he  obtains  most  of  Chladni's  observed  figures,  and  accounts  for  their 
transitions  and  deviations  from  regularity. 

The  principle  of  the  superposition  of  vibrations  is  so  solidly  esta- 
blished as  a  mechanical  truth,  that  we  may  consider  an  acoustical 
problem  as  satisfactorily  disposed  o^  when  it  is  reduced  to  that  prin- 
ciple, as  well  as  when  it  is  solved  by  analytical  mechanics ;  but  at  the 
same  time  we  may  recollect,  that  the  right  application  and  limitation 
of  this  law  involves  no  small  difficulty ;  and  in  this  case,  as  in  all 
advances  in  physical  science,  we  cannot  but  wish  to  have  the  new 
ground  which  has  been  g^ned,  gone  over  by  some  other  person  in 
some  other  manner ;  and  thus  secured  to  ns   as  a  permanent  posses- 

Savarfs  Laws. — In  what  has  preceded,  the  vibrations  of  bodies 
have  been  referred  to  certain  general  classes,  the  separation  of  which 
was  suggested  by  observation;  for  example,  the  transverse,  longi- 
tudinal, and  rotator^f"  vibrations  of  rods.  The  transverse  vibrations, 
in  which  the  rod  goes  baclrwards  and  forwards  across  the  line  of  its 
length,  were  the  only  ones  noticed  by  the  earlier  aconsticiana ;  the 
others  were  principally  brought  inia  notice  by  Chladni.  As  we  have 
already  seen  in  the  preceding  pages,  this  classification  serves  to  express 
important  laws ;  as,  for  instance,  a  law  obtained  by  M.  Poisson  which 
gives  the  relation  of  the  notes  produced  by  the  transverse  and  longi- 
tudinal vibrations  of  a  i-od.  But  this  distinction  was  employed  by  M, 
Felix  Savart  to  espress  laws  of  a  more  general  kind;  and  then,  as 
often  happens  in  the  progress  of  science,  by  pursuing  these  laws  to  a 
higher  point  of  generality,  the  distinction  again  seemed  to  vanish.  A 
veiy  few  words  will  explain  these  steps. 

It  was  long  ago  known  that  vibratJons  may  be  communicated  by 
contact.  The  distinction  of  transverse  and  longitudinal  vibrations 
being  established,  Savart  found  that  if  one  rod  touched  another  perpen- 
dicularly, the  longitudinal  vibrations  of  the  first  occasion  transverse 
vibrations  in  the  second,  and  vice  vei-sd.  This  is  the  more  remaikable, 
since  the  two  sets  of  vibrations  are  not  equal  in  rapidity,  and  therefore 
cannot  sympathize  in  any  obvious  manner."     Savart  found  himself 


d  by  Google 


VIBRATION  OF  BODIES  IN  GENERAL.  45 

able  to  genera]];;©  this  proposition,  and  to  assert  tliat  in  any  combina- 
tion of  rods,  strings,  and  laminse,  at  right  angles  to  each  other,  the 
longitadinal  and  transverse  vibrations  affect  respectively  the  rods  in 
the  one  and  other  dii-ection,"  so  that  when  tlie  hoiizontal  rods,  for 
example,  vibrate  in  the  one  way,  the  vertical  rods  vibrate  in  the 
other. 

This  law  was  thus  expressed  in  terms  of  that  classification  of  vibra- 
tions of  which  we  have  spoken.  Yet  we  easily  see  that  we  may 
express  it  in  a  more  general  manner,  witliout  referring  to  that  classifi- 
cation, by  saying,  that  vibrations  ate  communicated  so  as  always  to  be 
parallel  to  their  original  dii-eotion.  And  by  following  it  out  in  this 
shape  by  means  of  experiment,  M.  Savart  was  led,  a  short  tune  after- 
wards, to  deny  that  there  is  any  essential  distinction  in  these  different 
kinds  of  vibration.  "We  are  thus  led,"  he  says"  in  1822,  "to  con- 
sider normal  [transverse]  vibrations  as  only  one  eircumstanca  in  a 
more  general  motion  common  to  all  bodies,  analogous  to  tangential 
[longitndinal  and  rotatory]  vibrations ;  that  is,  as  prodnced  by  small 
molemlar  oseillations,  and  difi'erently  modified  according  to  the  direc- 
tion which  it  affects,  relatively  to  the  dimensions  of  the  vibrating 

These  "inductions,"  as  he  properly  calls  them,  aie  supported  by  a 
great  mass  of  ingenious  experiments ;  and  may  be  considered  as  well 
established,  when  they  are  limited  to  molecnlai  oscillations,  employing 
this  phrase  in  the  sense  in  which  it  is  understood  m  the  abo^  e  state- 
ment; and  also  when  they  ate  confined  to  bodies  in  nhich  the  play 
of  elasticity  is  not  interrupted  by  parts  more  iigid  than  the  test,  as 
the  sound-post  of  a  violin."  And  before  I  quit  the  subject,  I  may 
notice  a  consequence  which  M.  Savatt  has  deduced  from  his  views,  and 
which,  at  first  sight,  appears  to  overturn  most  of  the  earher  doctrines 
respecting  vibrating  bodies.  It  was  formerly  held  that  tense  strings 
and  elastic  rods  could  vibrate  only  in  a  determinate  series  of  modes  of 
division,  with  no  intermediate  steps.  But  M.  Savart  msuntains,"  on 
the  contrary,  tiiat  tiey  produce  sounds  which  are  gradually  trans- 
formed into  one  another,  by  indefinite  intermediate  degrees.  The 
reader  may  naturally  ask,  what  is  the  solution  of  this  apparent  con- 


»  An.  Ghim.  p.  152,  "  lb.  t.  xxv.  p.  33. 

"  For  the  suggMion  of  the  uecessity  of  this  limitation  I  am  Indebted  t( 
■Willia. 

"  An.  Chim.  182S,  t,  ssxiL  p.  384. 
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tradiction  between  the  earliest  and  the  latest  discoveries  in  acoustics? 
And  the  answer  must  be,  that  these  intermediate  modes  of  vibration 
are  complex  in  their  nature,  and  difficult  to  produce;  and  that  those 
which  were  formerly  believed  to  be  the  only  possible  vibrating  con- 
ditions, are  so  eminent  above  all  the  rest  by  their  features,  their  sim- 
plicity, and  their  fecility,  that  we  may  still,  for  common  purposes,  con- 
sider them  as  a  class  apart;  although  for  the  sake  of  reaching  a 
general  theorem,  we  may  associate  them  with  tlie  general  mass  of  cases 
of  molecular  vibrations.  And  thus  we  have  no  exception  here,  aa  we 
can  have  none  in  any  case,  to  our  maxim,  that  what  formed  part  of 
the  early  discoveries  of  science,  forms  part  of  its  latest  systems. 

We  have  thus  surveyed  the  progress  of  the  science  of  sound  np  to 
recent  times,  with  respect  both  to  the  discovery  of  laws  of  phenomena, 
and  the  reduction  of  these  to  their  mechanical  causes.  The  former 
branch  of  the  sciente  has  neLesfarily  been  inductively  pursued ,  an  1 
therefore  has  been  mjre  peuiliarly  the  subject  of  onr  attention  And 
this  consideration  will  evplain  ■why  we  have  not  dwelt  miie  npon 
the  deductive  labors  ot  the  greit  analysts  who  have  tieated  of  this 
problem. 

To  tiiose  who  are  acjuaintel  with  tlie  high  and  deserv.'d  feme 
which  the  labors  of  D'AIemberf,  Eulei,  Lagraac,e,  ind  others  upon 
this  subject,  enjoy  among  mithematiuana,  it  may  seem  as  if  we  had 
not  given  them  theii  due  prominen  e  in  our  sketch  But  it  i-i  to  be 
recollected  here,  as  we  hive  alieily  obsened  in  tlio  case  ot  bydio 
dynamics,  that  even  when  the  geneial  jirinciples  are  uncontested  meie 
mathematical  deductions  from  them  do  njt  belong  to  the  histor)  of 
physical  science,  except  when  they  point  out  laws  which  are  interme- 
diate between  the  general  principle  and  the  individual  facts,  and  which 
observation  may  confirm. 

The  business  of  constructing  any  science  may  be  figured  as  the 
task  of  forming  a  road  on  which  our  reason  can  travel  through  a  cer- 
tain province  of  the  external  world.  We  have  to  throw  a  bridge 
which  may  lead  from  the  chambers  of  onr  own  thoiights,  fiom  our 
speculative  principles,  to  the  distant  shore  of  material  facts.  But  in 
all  cases  the  abyss  is  too  wide  to  be  crossed,  except  we  can  find  some 
intermediate  points  on  which  the  piers  of  our  structure  may  rest. 
Mere  facts,  without  connexion  or  law,  are  only  the  rude  stones  hewn 
from  the  opposite  bank,  of  which  our  arches  may,  at  some  time,  be 
built  But  mere  hypothetical  mathematical  calculations  are  only  plans 
of  projected  structures;  and  those  plans  which  exhibit  only  one  vast 
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and  single  arcli,  or  which  suppose  no  support  hut  thit  whicli  '  ui  q\\  n 
position  supplies,  will  assuredly  never  become  realitu-.  We  mu^t 
liave  a  firm  basis  of  intermediate  gencializations  m  orilcr  to  fi-unc  i. 
continuous  and  stable  edifice. 

In  the  subject  before  us,  we  have  no  want  of  such  points  of  inter 
mediate  support,  although  they  are  in  many  instance  iireguhrly 
distributed  and  obscurely  seen.  The  number  of  observed  laws  and 
relations  of  the  phenomena  of  sound,  is  already  leiy  gieat,  iud 
though  the  time  may  be  distant,  there  seems  to  be  no  reason  to  despair 
of  one  day  uniting  them  by  cleai'  ideas  of  mechanical  causation,  and 
thus  of  making  acoustics  a  perfect  secondary  mechanical  science. 

The  historical  sketch  just  given  includes  only  such  parts  of  acoustics 
as  have  been  in  some  degree  reduced  to  general  laws  and  physical 
causes;  and  thus  excludes  much  that  is  usually  treated  of  under  that 
head.  Moreover,  many  of  the  numerical  calculations  connected  with 
sound  belong  to  its  agreeable  effect  upon  the  ear ;  as  the  properties  of 
the  various  systems  of  Temperament  These  are  parts  of  Theoretical 
Music,  not  of  Acoustics ;  of  the  Philosophy  of  the  Fine  Arts,  not  of 
PhyHcal  Science ;  and  may  be  referred  to  in  a  future  portion  of  this 
work,  so  fer  as  they  bear  upon  our  object. 

The  science  of  Acoustics  may,  however,  properly  cousider  other 
differences  of  sound  than  those  of  acute  and  grave, — for  instance,  the 
articulate  differences,  or  those  by  which  the  various  letters  are  formed. 
Some  progress  has  been  made  in  reducing  this  part  of  the  subject  to 
general  rules ;  for  though  Kempelen's  "  talking  machine  "  was  only  a 
work  of  art,  Mr.  Willis's  machine,"  which  exhibits  the  relation  among 
the  vowels,  ^ves  us  a  law  such  as  forms  a  step  in  science.  We  may, 
however,  consider  this  instrument  as  a  phihongometer,  or  measure  of 
vowel  quality;  and  in  that  point  of  view  we  shall  have  to  refer  to  it 
again  when  we  come  to  spealc  of  such  measuti-s. 


"  On  the  Vowel  Sounds,  and  on  Read  Oi^an-pipes.     Camb.  Trans 
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INTRODTJCITON. 
Formal  and  Fhi/mal  Optics. 

THE  Iiiatory  of  tlie  science  of  Optics,  written  at  length,  would  be 
very  voluminous ;  but  we  shall  not  need  to  make  our  history  so ; 
sinoo  our  main  object  is  to  illustrate  tlie  nature  of  science  and  the  con- 
ditions of  its  progress.  In  this  way  Optica  is  peculiai-ly  instmctive ; 
the  more  so,  as  its  history  has  followed  a  eouree  in  some  respects 
different  from  both  the  sciences  previously  reviewed.  Astronomy,  as 
we  have  seen,  advanced  with  a  steady  and  continuous  movcmont  from 
one  generation  to  another,  from  tlie  earliest  time,  till  her  career  was 
crowned  by  the  great  unforeseen  discovery  of  Newton  ;  Acoustics  had 
her  extreme  generalization  in  view  from  the  firet,  and  her  history 
consists  in  the  correct  application  of  it  to  snccessive  problems ;  Optics 
advanced  through  a  scale  of  generalizations  as  remartable  as  these 
of  Astronomy ;  but  for  a  long  period  she  was  almost  stationary ;  and, 
at  last,  was  rapidly  impelled  through  all  those  stages  by  the  enei^y  of 
two  or  three  discoverers.  The  highest  point  of  generality  which 
Optics  has  reached  is  little  different  from  that  which  Acoustics  occu- 
pied at  once;  but  in  the  older  and  earlier  science  we  sti!l  want  that 
palpable  and  pointed  confirmation  of  the  general  principle,  which  the 
nndulatory  theory  receives  from  optical  phenomena.  Astronomy  has 
amassed  her  vast  fortune  by  long-continued  industry  and  labor ;  Optics 
has  obtained  hers  in  a  few  years  by  sagacious  and  happy  speculations ; 
Acoustics,  having  early  acquired  a  competence,  has  since  been  em- 
ployed rather  in  improving  and  adoniing  than  in  estending  her 
estat*. 

The  snccessive  inductions  by  which  Optics  made  her  advances, 
might,  of  course,  be  treated  in  tlie  same  manner  as  those  of  Astro- 
nomy, each  having  its  prelude  and  its  sequel.  But  most  of  the 
discoveries  in  Optics  are  of  a  smaller  character,  and  have  less  employ- 
ed the  minds  of  men,  than  those  of  Astronomy ;  and  it  will  not  be 
necessary  to  exhibit  them  in  this  detailed  manner,  till  we  come  to  the 
great  generalizatioft  by  which  the  theory  was  established.  I  shall, 
therefore,  now  pass  rapidly  in  review  the  earlier  optical  discoveries, 
without  any  such  division  of  the  series. 
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Optics,  like  Astronomy,  has  for  its  object  of  inquiry,  first,  the  laws 
of  phenomena,  and  nest,  their  causes;  and  we  may  hence  divide  this 
science,  like  the  other,  iotoFortnal  Optics  and  Physical  Optics.  The 
distinction  is  clear  and  substantive,  but  it  is  not  easy  to  adhere  to  it  in 
our  narrative  ;  for,  after  the  theory  had  begun  to  make  its  rapid  ad- 
i^ance,  many  of  the  laws  of  phenomena  were  studied  and  discovered  in 
immediate  reference  to  the  theoretical  cause,  and  do  not  occupy  a 
separate  place  in  the  history  of  science,  as  in  Astronomy  they  do. 
We  may  add,  that  the  reason  why  Formal  Astronomy  was  almost 
complete  before  PJiysical  Astronomy  began  to  exist,  was,  that  it  was 
necessary  to  construct  the  science  of  Mechanics  in  the  mean  time,  in 
order  to  be  able  to  go  on;  whereas,  in  Optics,  mathematicians  were 
able  to  calculate  the  results  of  the  undulatory  theory  as  soon  as  it  had 
suggested  itself  from  the  earSier  facta,  and  while  the  great  mass  of 
fiicts  were  only  becoming  known. 

We  shall,  then,  in  the  first  nine  chapters  of  the  History  of  Optics, 
treat  of  the  Formal  Science,  that  is,  the  discovery  of  the  laws  of 
phenomena.  The  classes  of  phenomena  which  will  thus  pass  under 
our  notice  are  munerous ;  namely,  reflection,  refraction,  chromatic 
dispersion,  achromatization,  double  refraction,  polarization,  dipolariza- 
tion,  the  colors  of  thin  plates,  the  colors  of  thick  plates,  and  the 
fringes  and  bands  which  accompany  shadows.  All  these  cases  had 
been  studied,  and,  in  moat  of  them,  the  laws  had  been  in  a  great  mea- 
id,  before  the  physical  theory  of  the  subject  gave  to  our 
mplor  and  more  soKd  form. 
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CHAPTER  I. 


Primary  Induction  of  Optics.— Rats  of  Liom  and  Laws  or 
Ketlection. 

TN  speaking  of  the  Ancient  History  of  Physics,  we  liavo  alre3<Ij' 
J-  noticed  that  the  optical  philosophers  of  antiquity  had  satisfied 
themselves  that  vision  is  performed  in  straight  lines  ;— that  they  had 
fixed  their  attention  upon  those  straigJit  lines,  or  ray*,  as  the  proper 
object  of  the  science ; — tliey  had  ascertained  that  rays  reflected  from 
a  bright  surface  make  the  aii^le  of  rejection  eqnal  to  the  anffle  of 
incidence  ; — and  they  liad  drawn  several  consequences  from  tliese 
principles. 

"We  may  add  to  the  consequences  already  mentioned,  the  art  of 
per^cHve,  which  is  merely  a  corollary  from  the  doctrine  of  rectilinear 
iTSual  rays ;  for  if  we  suppose  objects  to  be  referred  by  such  rays  to  a 
plane  interposed  between  them  and  the  eye,  all  the  rules  of  perspec- 
tive follow  dii-ectly.  The  ancients  practised  this  art,  as  we  see  in  the 
pictnres  which  remain  to  ns ;  and  we  learn  from  Vitruvius,'  that  they 
also  wrote  upon  it.  Agathai'chus,  who  bad  been  instructed  by 
EachylQs  in  the  art  of  making  decorations  for  the  theatre,  was  the 
first  Rufhor  on  this  subject,  and  Anaxagoras,  who  was  a  pupil  of  Aga- 
tharchus,  also  wrote  an.  Actinoc/rapUa,  or  doctrine  of  drawing  by 
rays  :  but  none  of  these  treatises  are  come  down  to  us.  The  moderns 
lumvented  the  art  m  the  fl  uij=hing  times  of  the  ait  of  painting,  that 
j^  about  the  end  of  the  fifteenth  centurv  and,  belonging  to  that 
penod  also  we  ha\e  ticatwa"  upon  it 

Bnt  these  are  only  deductive  applic  rtnns  of  the  most  elementary 
opficil  doctrines  we  must  piOLcel  to  the  inductions  by  which 
further  discovLries  wpie  ma  le 

De  irch  is.    Mont  i     0^  =  Gauricus,  1604 
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CHAPTER  II 

DiSCOVEIlY    OF    THE    LaW    Of 


VE  have  seen  in  tlie  former  part  of  this  history  that  the  Greeks 
liad  formed  et  tolerably  clear  conception  of  the  refraction  aa  well 
as  the  reflection  of  the  rays  of  light ;  and  that  Ptolemy  had  measured 
the  amount  of  refraction  of  glass  and  water  at  vai'ious  angles.  If  we 
give  the  names  of  the  an^le  of  incidence  and  tlie  an^le  of  refraction 
respectively  to  the  angles  which  a  ray  of  light  makes  with  the  line 
perpendicular  to  surface  of  glass  or  water  (or  any  other  medium) 
within  and  without  the  medium,  Pt«lemy  had  observed  that  the  angle 
of  rcfi'action  is  always  leas  than  the  angle  of  incidence.  He  had  sup- 
posed it  to  be  less  in  a  given  proportion,  but  this  opinion  is  false;  and 
was  afterwards  rightly  denied  by  tlie  Arabian  mathematjcian  Alhanen. 
The  optical  views  which  occur  in  the  work  of  Alhazen  are  iar  sounder 
than  those  of  his  predecessors  ;  and  the  book  may  be  regarded  as  the 
most  considerable  monument  which  we  have  of  the  scientific  genius 
of  the  Arabians;  for  it  appears,  for  the  most  part,  not  to  be  borrowed 
from  Greek  authorities.  The  author  not  only  assei-ts  (lib,  vii.),  tliat 
refraction  takes  place  towards  the  perpendicular,  and  refers  to  experi- 
ment for  the  truth  of  this :  and  that  the  quantities  of  the  refraction 
differ  according  to  the  magnitudes  of  the  angles  which  the  directions 
of  the  incidental  rays  (^primce  linem)  make  with  the  perpendiculars  to 
the  surface ;  but  he  also  says  distinctly  and  decidedly  that  the  angles 
of  refraction  do  not  follow  the  proportion  of  the  angles  of  incidence. 

[2nd  Ed.]  [There  appears  to  be  £,ood  ground  to  assent  to  the 
assertion  of  Alhazen's  originality,  made  by  hi'*  editor  Risner,  who 
says,  "  Euclideum  hie  vel  Ptolcmait,um  nihil  tere  e'it,"  Besides  tlie 
doctrine  of  reflection  and  refraction  of  light,  the  Aiahian  author  gives 
a  description  of  the  eye.  He  distinguishes  three  fluids,  humor  aqueus, 
eryataUimig,  vUreus,  and  four  coats  of  the  eye,  tunica  adherens,  cornea, 
MWK,  tunica  reti  aimiUs,  He  distinguishes  also  three  kinds  of  vision  : 
"  Visibile  percipitur  ant  solo  visu,  aut  visn  et  syllogismo,  aut  visu  et 
Wticipattl  notione,"  He  has  several  propositions  relating  to  what  wc 
sometimes  call  the  Philosophy  of  Vision  :  for  instance  this  ;  "  E  visi- 
bill  saapius  vise  remanet  in  anima  generalis  notio,"  &c.] 
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TKe  assertion,  that  the  angles  of  refraction  are  not  proportional  to 
the  angles  of  incidence,  was  an  importaBt  remark  ;  and  if  it  had  heen 
steadily  tept  in  mind,  the  next  thing  to  be  done  with  r^rd  to  refi'ac- 
tton  waa  to  go  on  experimenting  and  conjecturing  till  the  true  law  of 
refraction  was  dksovered ;  and  in  the  mean  time  to  apply  the  prin- 
ciple as  far  as  it  was  known.  Alhazen,  though  he  gives  directions  for 
making  experimental  measures  of  refraction,  does  not  give  any  Table 
of  the  results  of  such  experiments,  as  Ptolemy  had  done.  Vitello,  a 
Polo,  who  in  the  13th  century  published  an  extensive  work  upon  Op- 
tics, does  give  such  a  table ;  and  asserts  it  to  be  deduced  from  experi- 
ment, as  I  have  already  said  (vol.  i.).  But  this  assertion  is  still  liable 
to  doubt  in  conseqnence  of  the  table  containing  impossible  observations. 

[2nd  Ed,]  [As  I  have  already  stated,  Vitello  asserts  that  his  Ta- 
bles were  derived  from  his  own  observations.  Tteir  near  agreement 
with  these  of  Ptolemy  does  not  make  this  improbable :  for  where  the 
observations  were  only  made  to  half  a  degree,  there  waa  not  much 
room  for  observers  to  differ.  It  is  not  unlikely  that  the  observations 
of  refraction  out  of  air  into  water  and  glass,  and  out  of  water  into 
glass,  were  actually  made  ;  while  the  impossible  values  which  accom- 
pany them,  of  the  refraction  out  of  water  and  glass  into  air,  and  out 
of  glass  into  water,  were  calculated,  and  calculated  from  an  eiToncous 
rule,] 

The  principle  that  a  ray  refracted  in  glass  or  water  is  turned  to- 
wards the  perpendicular,  without  knowing  the  exact  law  of  refraction, 
enabled  mathematicians  to  tra«e  the  effects  of  transparent  bodies  in 
various  cases.  Thus  in  Roger  Bacon's  worlK  we  find  a  tolerably  dis- 
tinct explanation  of  the  effect  of  a  rrn\e\  glass  ,  and  in  the  work  of 
Vitello  the  effect  of  refraction  it  the  tno  '.uifaces  of  a  glass  globe  is 
dearly  traeeable. 

Notwithstanding  Alhazen's  a&stition  of  the  contrary,  the  opinion 
was  still  current  among  mathematici'ins  that  the  angle  of  refraction 
waa  proportional  to  the  angle  of  incidence  But  when  Kepler's  atten- 
tion was  drawn  to  the  subjo-t,  he  -iaw  that  this  was  plainly  inconsistent 
with  the  obsenations  of  Vitello  for  laige  angles,  ami  he  coniinced 
himself  by  his  own  experiments  th-\t  the  true  hw  was  something 
different  from  thp  one  commonly  supposed  The  disco*  eiy  of  this 
true  law  excited  in  him  an  eager  curiosity ,  and  this  point  had  the 
more  interct  tor  bim  in  consequence  of  the  mtioduction  of  a  correc 
tion  fi.r  atmcpherit  refraction  into  -(stronomical  calcuhtion^,  which 
had  been  made  by  Tvtho,  ani  cf  the  invention  ct  the  ttk  f  pe     In 
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his  Sitpplernenl  to  Vilello,  pablisheJ  in  1604,  Kepler  attempts  to 
reduce  to  a  rule  the  measured  quantities  of  refraction.  The  reader 
who  recollects  what  we  have  already  narrated,  the  manner  in  which 
Kepler  attempted  to  reduce  to  law  the  astronomical  ohservations  of 
Tycho, — devising  an.  almost  endless  variety  of  posdble  formula*,  tracing 
their  consequences  witli  tiiidannted  industry,  and  relating,  with  a  viva- 
cious garrulity,  his  disappointments  and  hia  hopes, — will  not  be  sur- 
prised to  find  that  he  proceeded  in  the  same  manner  with  regard  to 
the  Tables  of  Observed  Refractions.  He  tried  a  variety  of  constructions 
by  triangles,  conic  sections,  &c^  without  being  able  to  satisfy  himself; 
and  he  at  last'  is  obliged  to  content  himself  with  an  approximate  rule, 
which  makes  the  refraction  partly  proportional  to  the  angle  of  inci- 
dence, and  partly,  to  the  secant  of  that  angle.  In  this  way  he  satisfies 
the  observed  refractions  within  a  difference  of  less  than  half  a  degree 
each  way.  When  we  consider  how  simple  the  Jaw  of  refraction  is, 
(that  the  ratio  of  the  sines  of  the  angles  of  incidence  and  refraction  is 
constant  for  the  same  medium,)  it  appears  strange  that  a  person  at- 
tempting to  discover  it,  and  drawing  triangles  for  the  purpose,  should 
fail ;  but  this  lot  of  missing  what  afterwards  seems  to  have  been  ob- 
vious, is  a  common  one  in  the  pursuit  of  truth. 

The  person  who  did  discover  the  Law  of  the  Sines,  was  "Willebrord 
Snell,  about  1621 ;  but  the  law  was  first  published  by  Descartes, 
who  had  seen  Snell's  papers."  Descartes  does  not  acknowledge  this 
law  to  have  been  first  detected  by  inother  m  1  ift«r  his  minner,  in 
stead  of  establishing  its  reality  by  referen  e  to  expeiiment,  ho  pretends 
to  prove  apriori  tiat  it  must  be  true,'  comparing  fer  this  purpose 
the  particles  of  light  to  balls  stnkiUjT  a  substance  whieh  accekrates 
them. 

[2nd  Ed.]  [Huyghens  say!  of  '^neli  s  pipers,  Qu^e  et  noi  vidimus 
aliqnando,  et  Cartesium  quoque  vidssc  accepimus  et  hinc  frrtasse 
mensuram  illam  qufe  in  sinibus  coniistit  ehcueriL'  laav  VoisiU'^  X>e 
Lueis  JVaturd  et  Froprielale  says  that  he  also  had  sei,n  this  law  m 
Snell's  unpublished  optical  Treatise  Tht,  same  wnter  say  Quod 
itaqnc  (Cartesius)  habet,  refractionnm  momenta  non  c\igendt  cs&e  ad 
angulos  sed  ad  lineas,  id  tuo  Suelho  acceptum  ferre  deba  ssct,  eu|us 
nomen  more  soUlo  diasimulaiit  Cirtesi  s  t,  t  h  s  la^^  fr  ni  Sncll 

and  in  his  usual  way,  concealed  it 


'  L.  U.  If.  Life  of  Kepler, 
'  Hojghens,  Dioplrica,  p.  2. 
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Hujghens'  assertion,  that  Snell  did  not  attend  to  the  proportion  of 
the  sines,  is  veiy  captious ;  and  becomes  absurdly  so,  when  it  is  made 
to  mean  that  Snell  did  not  know  the  law  of  the  sines.  It  is  not  denied 
that  Snell  knew  the  true  law,  oi  that  the  true  liw  is  the  law  of  the 
sines.  Snell  does  not  use  the  tngonometncal  term  sine,  hnt  he  ex- 
presses the  law  in  a  geometrical  form  more  simply  Even  if  he  had 
attended  to  the  law  of  the  smei,  he  might  rei=K)nably  have  preferred 
his  own  way  of  stating  it 

James  Gregoiy  also  independently  discoveied  the  true  law  of  refrac- 
tion; and,  in  pubi  ahmg  1*  states  that  ho  tad  leamt  that  it  had  already 
been  published  by  Deicaites] 

But  though  D^<.artes  d  es  i  ot,  in  this  instance,  produce  any  good 
claims  to  the  character  of  an  i  ductive  philosopher,  he  showed  conm- 
derable  skill  in  tracing  the  consequences  of  the  principle  when  once 
adopted.  In  particular  we  must  consider  him  as  the  genuine  author 
of  the  explanation  of  the  rainbow.  It  is  true  that  Fleischer*  and  Kep- 
ler had  previously  ascribed  this  phenomenon  to  the  rays  of  sunlight 
which,  fallinw  on  drops  of  rain,  are  refracted  into  each  drop,  reflected 
at  its  inner  surface,  and  refracted  out  again :  Antonio  de  Dominis  had 
found  that  a  glass  globe  of  water,  when  placed  in  a  particulai'  position 
with  respect  to  the  eye,  exhibited  bright  colors;  and  had  hence 
explained  the  circular  form  of  tlie  bow,  which,  indeed,  Aristotle  had 
done  before.'  But  none  of  these  writers  had  shown  why  there  was  a 
narrow  bright  circle  of  a  definite  diameter ;  for  the  drops  which  send 
rays  to  the  eye  after  two  retractions  and  a  reflection,  occupy  a  much 
wider  space  in  the  heavens.  Descartes  assigned  the  reason  for  this  in 
the  most  satisfactory  manner,"  by  showing  that  the  rays  which,  after 
two  refractions  and  a  reflection,  come  to  the  eye  at  an  angle  of  about 
forty-one  degrees  with  their  original  direction,  ai'e  far  more  dense  than 
those  in  any  other  position.  He  showed,  in  the  same  manner,  tliat  the 
existence  and  position  of  the  secondary  bote  resulted  from  the  same 
laws.  This  is  the  complete  and  adec[uate  account  of  the  state  of 
things,  so  far  as  the  brightness  of  the  bows  only  is  concerned;  the 
explanation  of  the  colors  belongs  to  the  next  article  of  our  survey. 

The  explanation  of  the  rainbow  and  of  its  magnitude,  afforded  by 
Snell's  law  of  sines,  was  perhaps  one  of  the  leading  points  in  the  verifi- 
cation of  the  law.  The  principle,  being  once  established,  was  applied, 
by  the  aid  of  mathematical  reasoning,  to  atmospheric  refractions,  opti- 
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cal  instruments,  diaemistic  curves,  (tliat  is,  the  curves  of  intense  light 
produced  by  refraction,)  and  to  various  otlicr  cases ;  and  was,  of  course, 
tested  and  confirmed  by  such  applications.  It  was,  hoivever,  impossi- 
ble to  pursue  these  applications  lar,  without  a  due  knowledge  of  the 
laws  by  which,  in  such  cases,  colors  are  produced.  To  these  we  now 
proceed. 

[2nd  Ed.]  [I  have  omitted  many  interesting  parts  of  the  history  of 
Optics  about  this  period,  because  I  was  concerned  with  the  inductive 
discovery  of  laws,  rather  than  with  mathematJcal  dediiction3hotasa(^ 
Jaws  when  established,  or  applicatioTis  of  them  in  the  form  of  instru- 
ments. I  might  otherwise  have  noticed  tlie  discovery  of  Spectacle 
Glasses,  of  the  Telescope,  of  the  Microscope,  of  the  Camera  Obscura, 
and  the  mathematical  explanation  of  these  and  other  phenomena,  as 
given  by  Kepler  and  others.  I  might  also  have  noticed  the  progress 
of  knowledge  respecting  the  Eye  and  Vision.  We  haie  seen  that 
Alhazen  described  the  strnctm-e  of  the  eye.  The  operation  of  the 
parts  was  gradually  made  out  Baptista  Porta  compares  the  eye  to 
his  Camera  Oismra  {Magia  Naturalis,  1579).  Scheiner,  in  his  Ocu- 
lus,  published  1652,  completed  the  Theory  of  the  Eye.  And  Kepler 
discussed  some  of  the  questions  even  now  often  agitated  ;  aa  the  canses 
and  conditions  of  our  seeing  objects  single  with  two  eyes,  and  erect 
with  inverted  images.] 


CHAPTEll  III. 

DiSCOVERV    OF    TliE    LaU"    OF    DlSPEnSION    BY    KeI-BACTION. 

EAKLY  attempts  were  made  to  account  for  the  colors  of  the  rain- 
bow, and  various  other  phenomena  in  which  colors  are  seen  to 
arise  irom  transient  and  unsubstantial  combinations  of  media.  Thus 
Aristotle  explains  the  colors  of  the  rainbow  by  supposing'  that  it  is 
light  seen  through  a  dark  medium :  "  Now,"  says  he,  "  the  bright  seen 
through  the  dark  appears  red,  as,  for  instance,  the  fire  of  gi'een  wood 
seen  through  the  smoke,  and  the  suu  through  mist  Also'  the  weaker 
is  the  light,  or  the  visual  power,  and  tlie  nearer  the  color  apgroaches 
1o  the  black;  becoming  fitst  red,  then  green,  then  purple.     But"  the 

'  MHeor.  iii.  3,  p.  37fi.  =  Tb,  p.  SU.  "  lb.  p.  375. 
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vision  is  stroiigost  in  the  oater  circle,  lecaiBe  t!ie  periphery  is  greater ; 
— thus  we  shall  Itave  ft  gradation  fi'om  rod,  through,  green,  to  purple, 
in  passing  from  the  outer  to  the  inner  circle."  This  aeeount  woald 
hardly  have  deser\'ed  mueh  notice,  if  it  had  not  been  for  a  strange 
attempt  to  revive  it,  or  something  very  like  it,  in  modern  times.  The 
same  doctrine  is  found  in  the  work  of  De  Dominis.'  According  to 
hira,  light  is  white :  but  if  we  mix  ivith  the  light  something  dai'k,  the 
colors  arise, — fii'st  red,  then  green,  then  blue  or  violet.  Ho  applies 
this  to  explain  the  colors  of  the  i-ainbow,'  by  means  of  the  considera- 
tion that,  of  ilie  rays  which  come  to  tlie  eye  from  tlie  globes  of  water, 
some  go  through  a  larger  thickness  of  the  globe  than  others,  whence 
he  obtains  the  gradation  of  colore  just  described. 

I>escartes  came  fin  nearer  the  true  philosophy  of  the  iridal  colors. 
He  found  that  a  similar  series  of  colors  was  produced  by  refraction  of 
light  bounded  by  shade,  through  a  prism ;'  and  ho  rightly  inferred 
that  neither  the  curvature  of  the  surface  of  the  drops  of  water,  nor  the 
reflection,  nor  the  repetition  of  refraction,  wore  necessaiy  to  the 
generation  of  such  colors.  In  further  examining  the  course  of  the 
rays,  he  approaches  very  near  to  the  true  conception  of  the  case;  and 
we  are  led  to  believe  that  ho  might  have  anticipated  Newton  in  his 
discovery  of  the  unequal  refrangibility  of  different  colore,  if  it  had  been 
possible  for  him  to  reason  any  otherwise  than  in  the  terms  and  notions 
of  his  preconceived  hypotheses.  The  conclusion  which  ho  draws  is,' 
Uiat  "  the  particles  of  the  subtile  matter  which  transmit  the  action  of 
light,  endeavor  fo  rotate  with  so  great  a  force  and  impetus,  that  they 
cannot  move  in  a  straight  line  (whence  comes  refraction) :  and  that 
those  particles  which  endeavor  to  revolve  much  more  strongly  produce 
a  red  color,  those  which  endeavor  to  move  only  a  little  more  strocgly 
produce  yellow."  Here  we  have  a  clear  perception  that  colors  and 
unequal  refraction  ai*  connected,  though  the  cause  of  refraction  is 
expressed  by  a  gratuitous  hypothesis.  And  we  may  add,  that  he 
applies  this  notion  rightly,  so  far  as  he  explains  himself,'  to  account 
for  the  colors  of  the  rainbow. 

It  appears  to  me  that  Newton  and  others  have  done  Descai'tes 
injustice,  in  ascribing  to  De  Dominis  the  true  theory  of  the  i-ainbow. 
There  are  two  main  points  of  this  theory,  namely,  the  showing  that  a 
bright  circular  band,  of  a  certain  definite  diameter,  arises  from  the 


*  Ca^  lit  p.  B.    See  also  Gotbe,  J 
■  Meteor.  Seot.  viii  p.  190.  ' 
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great  intensity  of  the  light  returned  at  a  certain  angle ;  and  the  rofer- 
rJDg  the  different  colors  to  the  diffe^rmt  quantily  of  the  refraction  ;  and 
both  these  steps  appear  induhitahly  to  be  the  discoveries  of  Descartes. 
And  he  informs  us  that  these  discoveries  were  not  made  without  some 
exertion  of  thought.  "  At  first,"  he  says,"  "  I  doubted  whether  the 
iridal  colors  were  produced  in  the  same  way  as  those  in  the  prism ; 
but,  at  last,  taking  my  pen,  and  carefidly  calculating  t!ie  couiae  of  tlie 
rays  which  fall  on  each  pai't  of  the  drop,  I  found  that  many  more 
come  at  an  angle  of  forty-one  degrees,  than  either  at  a  greater  or  a  less 
angle.  So  that  there  is  a  bright  bow  terminated  by  a  shade ;  and 
hence  die  colors  are  the  same  as  those  produced  through  a  prism." 

The  subject  was  left  nearly  in  the  same  state,  in  the  work  of  Gri- 
maldi,  Phymo-Mathesis,  de  Luraiw,  Colortbus  et  Iride,  published  at 
Bologna  in  1665,  There  is  in  this  work  a  constant  reference  to 
numerous  experiments,  and  a  systematic  exposition  of  the  science  in 
an  improved  state.  The  author's  calculations  concerning  the  rainbow 
are  put  in  the  same  form  as  those  of  Descartes ;  but  he  is  further  from 
seizing  the  true  principle  on  which  its  coloration  depends.  He  rightly 
groups  together  a  nnmber  of  experiments  in  which  colors  arise  from 
refraction ;"  and  explains  them  by  saying  that  the  color  is  brighter 
where  the  light  is  denser :  and  the  light  is  denser  on  the  side  from 
which  the  refraction  turns  the  ray,  because  the  increments  of  refraction 
are  greater  in  the  rays  that  are  more  inclined."  This  way  of  treating 
the  question  might  be  made  to  give  a  sort  of  explanation  of  most  of 
the  iacta,  but  is  much  more  en'oneous  than  a  dovelopement  of  Deacar- 
tes's  view  would  have  been. 

At  length,  in  1672,  Newton  gave'"  the  true  explanation  of  the  f icts , 
namely,  that  light  consists  of  rays  of  different  colors  and  different 
refrangibility.  This  now  appears  to  na  so  obvious  t  mode  ot  inteipret 
ing  the  phenomena,  that  we  can  hardly  understand  how  they  can  be 
conceived  in  any  other  manner ;  but  yet  the  imprtsaion  which  this 
discovery  made,  both  upon  Newton  and  upon  his  contempoiines,  shows 
bow  remote  it  was  fi-om  the  then  accepted  opinions  There  appears 
to  have  been  a  general  persuasion  that  the  coloration  ■w^  produced, 
not  by  any  peculiarity  in  the  law  of  refi-action  itself,  but  by  some  col 
lateral  circumstance, — some  dispeision  or  vaiiation  t  den^iity  of  the 
light,  in  addition  to  the  refraction.     Newtou't,  di=r>oiBiy  tonsisted  in 
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ttachiiig  distinctly  that  the  law  of  refraction  was  to  be  applied,  not  to 
the  beam  of  light  in  general,  but  to  the  cobra  in  particular. 

"When  Newton  produced  a  bright  spot  on  the  wall  of  his  chamber, 
by  admitting  the  sun's  light  through  a  small  kole  in  his  window-shut- 
ter, and  maiing  it  pass  through  a  prism,  ho  expected  the  image  to  be 
round;  which,  of  course,  it  would  have  been,  if  the  cobra  had  been 
produced  by  au  equal  dispersion  in  all  directions;  but  to  his  surprise 
he  saw  the  image,  or  epectrum,  five  times  as  long  as  it  was  broad, 
He  found  that  no  consideration  of  the  different  thickness  of  the  glass, 
the  possible  unevenneas  of  its  surface,  or  the  different  anglea  of  rays 
proceeding  from  the  two  sides  of  the  sun,  conld  be  the  cause  of  this 
shape.  He  found,  alao,  that  the  rays  did  not  go  from  the  priam  to  the 
image  in  curves ;  he  was  then  convinced  that  the  different  colors  were 
refracted  separately,  and  at  different  angles ;  and  he  confirmed  this  opi- 
n  on  by  t  an  n  tt  nd  refracting  the  rays  of  each  color  separately. 
The     p  t    a      0  eMy  and  common,  and  Newtou's  interpreta- 

t    n    f  th  n  npl    and  evident,  that  we  might  have  expected  it  to 

g  n  al  ass  t  indeed,  as  we  have  shown,  Descartes  had 
al  ady  b  nil  y  n  ar  tie  aame  point.  In  fact,  Newton'a  opinions 
w        n  t  1  n     bt   ning  general  acceptance ;  but  they  met  with 

n  ugh    f     a   1  a  d  misapprehension  to  annoy  extremely  the  disoo- 
wl  1  w   and  quiet  temper  made  him  impatient  alike 

of  t  p  d  ty       11     nt  iitiousness. 

We  need  not  dwell  long  on  the  early  objections  which  were  made 
to  Newton's  docti-ine.  A  Jesuit,  of  the  name  of  Ignatius  Pardies,  pro- 
fessor at  Clermont,  at  first  attempted  to  account  for  the  elongation  of 
the  linage  by  the  difference  of  the  angles  made  by  the  rays  from  the 
two  edges  of  the  sun,  which  wonld  produce  a  difference  in  the  amount 
of  refraction  of  the  two  borders;  but  when  Newton  pointed  out  the 
calculations  which  showed  the  insufficiency  of  this  explanation,  he 
withdrew  his  opposition.  Another  more  pei'tinacious  opponent 
appeared  iu  Francis  Linus,  a  physician  of  Li^e ;  who  maintained,  that 
having  tried  the  experiment,  he  found  the  snn's  image,  when  the  sky 
was  clear,  to  he  round  and  not  oblong ;  and  he  scribed  the  elongation 
noticed  by  Newton,  to  the  effect  of  clouds.  Newton  for  some  time 
refiosed  to  reply  to  this  contradiction  of  his  assertions,  though  obsti- 
nately persisted  in ;  and  his  answer  was  at  last  sent,  just  about  the 
time  of  Linus's  deatli,  in  1675.  But  Gascoigne,  a  friend  of  Linus,  still 
maintained  that  he  and  others  had  seen  what  the  Dutch  physician  had 
described ;    and  Newton,  who  was  pleased  with  the  candor  of  Gas- 


d  by  Google 


ba  HISTORY   OF   OPTH'' 

coigne's  letter,  suggested  that  the  Dutch  c\pciiinc(itLra  might  h'i^e 
taken  one  of  the  imagra  teflected  from  the  snrfaces  of  the  prism,  of 
which  there  aro  several,  instead  of  the  piopei  refiacted  one  Bj  the 
aid  of  this  hint,  Lucas  of  Liege  repeated  Newton's  experimpnts  and 
obtained  Newton's  result,  except  that  he  never  could  obtain  a  spectrum 
whose  length  was  more  than  three  and  a  half  times  its  breadth. 
Newton,  on  his  side,  persisted  in  asserting  that  the  image  would  be 
five  fames  aa  long  as  it  was  broad,  if  the  experiment  were  properlj' 
made.  It  is  curions  that  he  should  have  been  bo  confident  of  this,  as 
to  conceive  himself  certain  that  such  would  be  the  result  in  all  cases. 
We  now  know  that  the  dispemon  and  eonsec|uently  the  length,  of  the 
spectrum,  is  vei-y  diffeient  for  liffercnt  kinds  of  glass,  and  it  is  very 
probable  that  the  Dut  h  pnsm  was  really  less  dispersive  than  the 
English  one."  The  eiioneous  asaumption  which  Newton  made  in 
this  instance,  he  held  by  to  thi  last ;  and  was  thus  prevented  from 
making  the  discovery  ot  which  i\e  have  next  to  speak. 

Newton  was  attacked  by  persons  of  more  importance  than  those  we 
have  yet  mentioned  ;  namely,  Hoote  and  Huyghens.  These  philoso- 
phers, however,  did  not  object  so  much  to  tlie  laws  of  refraction  of 
different  colors,  as  to  some  expressions  used  by  Newton,  which,  they 
conceived,  conveyed  false  notions  respecting  the  composition  and 
nature  of  light.  Newton  had  asserted  that  all  the  difierent  colors 
are  of  distinct  kinds,  and  that,  by  their  composition,  they  form  white 
light.  This  is  true  of  colors  as  far  as  their  analysis  and  composition 
by  refraction  are  concerned;  but  Hooke  maintained  that  all  natural 
colors  are  produced  by  various  combinations  of  two  primary  ones,  red 
and  violet;"  and  Huyghens  held  a  similar  doctrine,  taking,  however, 
yellow  and  blue  for  his  basis.  Newton  answers,  that  such  composi- 
tions a»  they  speak  of,  are  not  compositions  of  simple  colors  in  his 
sense  of  the  expressions.  These  writers  also  had  both  of  them 
adopted  an  opinion  that  light  consisted  in  vibrations ;  and  objected  to 
Newton  that  his  language  was  erroneous,  as  involving  the  hypothesis 
that  light  was  a  body.  Newton  appears  to  have  had  a  horror  of  the 
word  hypothesis,  and  protests  against  its  being  supposed  that  his 
"  theory"  rests  on  snch  a  foundation. 

The  doctrine  of  the  unequal  refrangibility  of  difierent  rays  is  clearly 
exemplified  in  the  effects  of  lenses,  which  produce  images  more  or 

"  BrowEter's  ifeaCon,  p.  SO. 

"  Brewater'B  Neatoti,  p.  54.     Fldl,  Trans,  inl  5084,  6086. 
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less  bordered  with  color,  in  conKeqaenee  of  tiia  property.  Tko  im- 
provement of  telescopes  was,  in  Newton's  time,  the  great  practical 
motive  for  aiming  at  the  improvemeat  of  theoretical  optics.  Newton's 
theory  showed  why  telescopes  were  imperfect,  namely,  in  coiisec[uence 
of  the  different  refraction  of  different  colors,  which  produces  a  eJiro- 
matic  aberration :  and  the  theory  was  confirmed  by  the  circumstances 
of  such  imperfections.  The  false  opinion  of  which  we  have  already 
spoken,  that  tlie  disperaiou  must  be  the  same  when  the  refraction  is 
tte  same,  led  liim  to  believe  that  the  imperfection  was  insurmountable, 
— that  oekromaHc  refraction  could  not  ba  obtained:  and  this  view 
made  him  turn  his  attention  to  the  construction  of  reflecting  instead 
of  reftacting  telescopes.  But  the  rectification  of  Newten's  error  was 
a  further  confirmation  of  the  general  truth  of  liis  principles  in  other 
ref5)ecta ;  and  since  that  time,  the  Boundness  of  the  Newtonian  law  of 
refraction  has  hardly  been  questioned  among  physical  philosophers. 

It  has,  however,  in  modem  times,  been  very  vehemently  contro- 
vei-ted  in  a  quarter  from  which  we  might  not  readily  have  expected  a 
detailed  discussion  on  such  a  subject.  The  celebrated  Gotie  has  writ- 
ten a  work  on  TAe  Doctrine  of  Oolors,  {ffarbenlekre  ^  Tubingen,  1810,) 
one  mMu  purpose  of  which  is,  to  represent  Newton's  opinions,  and  the 
work  in  which  they  are  formally  published,  {his  OpikJcs^  as  ntterly 
ialse  and  mistaken,  and  capable  of  being  assented  to  only  by  the  most 
blind  and  obstinate  prejudice.  Those  who  are  acquainted  with  the 
extent  to  which  such  an  opinion,  promulgated  by  Gothe,  was  likely  to 
be  widely  adopted  in  Germany,  will  not  be  sorpiised  that  similar 
language  is  used  by  other  writers  of  that  nation.  Thus  Schelling" 
says :  "  Newton's  Optichs  is  the  greatest  proof  of  the  possibility  of  a 
whole  structure  of  fellacies,  which,  in  all  its  parts,  is  founded  upon 
observation  and  experiment."  Gothe,  however,  does  not  concede  even 
so  much  to  Newton's  work.  He  goes  over  a  large  portion  of  it,  page 
by  p^e,  quarrelling  with  the  experiments,  diagrams,  reasoning,  and 
language,  without  intermission ;  and  holds  that  it  is  not  reconcileable 
with  the  most  simple  facts.  He  declares,"  that  the  first  time  he 
looked  through  a  prism,  he  saw  the  white  walls  of  the  room  still  look 
white,  "and  though  alone,  I  pronounced,  as  by  an  instinct,  that  the 
Newtonian  doctrine  is  fiilse."  We  need  not  here  point  out  how  incon- 
sistent with  the  Newtonian  doctrine  it  was,  to  expect,  as  Giithe 
expected,  that  the  wall  should  be  all  over  colored  various  colors, 

"  Vorlemiigcn,  p,  370.  "  Farhenlekre,  vol,  ii.  p.  618. 
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Gotlie  not  only  adopted  and  strenuously  maintained  tlie  opinion  that 
the  Newtonian  theory  was  false,  but  he  framed  »  system  of  hia  own  to 
explain  tUe  phenomena  of  color.  As  a  matter  of  curiosity,  it  may  be 
worth  our  while  to  state  tie  nature  of  this  system ;  althongli  undoubt- 
edly it  forms  no  part  of  the  progress  of  physical  science  GOthe's 
views  are,  in  fact,  little  diffe  m  A 

de  Dominis,  though  more  te 

According  to  him,  colors  a  m 

("eintrUbesmittol").     Lig  If  es 

through  a  somewhat  dim  ni  ars  th 

of  the  medium  increases,  o        fcs     p  gm 

h'ght  gradually  assume  a  yell        ed  h       fl  d 

to  a  ruby-red.     On  the  oth     h  arti  h 

medium  wbieh  is  illtuninated  by  a  light  falling  on  it,  d  blue  color  ii> 
seen,  which  becomes  clearer  and  paler,  the  more  the  dimness  of  the 
medium  increases,  and  darter  and  fuller,  as  the  medium  becomes  more 
transparent ;  and  when  we  come  to  "the  smallest  degree  of  the  purest 
dimness,"  we  see  the  most  perfect  violet."  In  addition  to  this  "  doc- 
trine of  the  dim  medium,"  we  have  a  second  principle  asserted  con- 
cerning refraction.  In  a  vast  variety  of  cases,  images  are  accompanied 
by  "accessory  images,"  as  when  we  see  bright  objects  in  a  looking- 
glass."  Now,  wten  an  image  is  displaced  by  re&action,  the  displace- 
ment is  not  complete,  clear  and  sharp,  but  incomplete,  so  that  there  is 
an  accessory  imE^e  along  with  the  principal  one,"  From  these  prin 
ciples,  the  colors  produced  by  refraction  in  the  image  of  a  bright 
object  on  a  dark  ground,  are  at  once  derivable.  Tlie  accessory  image 
is  semitransparent ;""  and  hence  that  border  of  it  which  is  pushed  for- 
wards, is  drawn  from  the  dark  over  the  bright,  and  there  tlie  yellow 
appears;  on  the  other  hand,  where  the  clear  border  laps  over  the 
dark  ground,  the  blue  is  seen ;"  and  hence  we  easily  see  that  the  image 
must  appear  red  and  yellow  at  one  end,  and  blue  and  violet  at  the 

We  need  not  explain  this  system  further,  or  attempt  to  show  how 
vague  and  loose,  as  well  as  baseless,  are  the  notions  and  modes  of  con- 
ception which  it  introduces.  Perhaps  it  is  not  difficult  to  point  out 
the  peculiarities  in  Gotbe's  intellectual  character  which  led  to  Ws 
y  unphilosophical  views  on  this  subject.     One  important  cir- 


),  p.  161. 
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cumstance  is,  tLiit  lie  appeai-s,  like  many  persona  in  wliom  the  poetical 
imagination  is  very  active,  to  have  been  destitate  of  the  talent  and 
the  habit  of  geometrical  thought.  In  all  probability,  he  never  appre- 
hended clearly  and  steadily  those  relations  of  position  on  which  the 
Newtonian  doctrine  depends.  Another  cause  of  his  inability  to  accept 
the  doctrine  probably  was,  that  he  had  conceived  the  "  composition  " 
of  colors  in  some  way  altogether  different  from  that  which  Newton 
understands  by  composition.  What  Gothe  expected  to  see,  we  cannot 
clearly  collect ;  but  we  tnow,  from  his  own  statement,  that  his  inten- 
tion of  experimenting  with  a  piistn  arose  fiom  his  speculations  on  the 
rules  of  coloring  in  pictures ;  and  we  can  easily  see  that  any  notion 
of  the  composition  of  colore  which  such  researches  would  suggest, 
would  require  to  be  laid  aside,  before  he  could  understand  Newton's 
theory  of  the  composition  of  light. 

Other  objections  to  Newton's  theory,  of  a  kind  very  different^  have 
been  recently  made  by  that  eminent  master  of  optical  science,  Sir 
David  Brewster.  Ho  contest  Newton's  opinion,  that  the  coloi-ed  rays 
into  which  light  is  separated  by  refraction  are  altogether  simple  and 
homogeneous,  and  incapable  of  being  further  analysed  and  modified. 
For  he  finds  that  by  passing  such  rays  through  colored  media  {aa  blue 
glass  for  instance),  they  are  not  only  absorbed  and  transmitted  in  very 
various  degrees,  but  that  some  of  them  have  their  color  altered ;  which 
dfect  he  conceives  as  a  further  analysis  of  the  rays,  one  component 
color  being  absorbed  and  the  other  transmitted.''  And  on  this  sub- 
ject we  can  only  say,  aa  we  have  before  said,  that  Newton  has  incon- 
testably  and  completely  Mtablished  his  doctrine,  so  iar  as  analysis  and 
decomposition  by  refracttm  are  toncerned  but  that  with  regaid  to 
any  other  analysis,  which  abaorbmg  media  or  other  agents  maj  pro 
duce,  we  have  no  right  from  his  expeiimenta  to  assert,  that  the  colors 
of  the  spectrum  are  incapable  of  such  decomposition  The  whole  snb- 
ject  of  the  colors  of  objects,  both  opake  and  tr-^nspwent,  is  still  in 
obscurity.  Newtou'i  conjectures  oonoeming  the  causes  of  the  color* 
of  natural  bodies,  appear  to  help  us  httle ,  and  his  opinions  on  that 
subject  are  to  be  separated  altogether  from  the  important  step  whieh 
he  made  in  optical  siienee,  by  the  establishment  of  the  tiue  doitnne 
of  refractive  dispersiin 

[2nd  Ed.]  [After  a  ctrelnl  le-Consideiali  n  of  Sir  D  Brcwstei  s 
asserted  analysis  of  the  solar  light  into  three  colors  by  means  ot 

"  This  latter  faut  1  w  luw  li-lf  be  n  J-iii    1  by  oti  ei  i.\peiimentera 
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absorbing  media,  I  cannot  consider  tliat  lie  has  established  his  point 
as  au  exception  to  Newton's  doctrine.  lu  the  first  place,  the  analysis 
of  light  into  three  colors  appears  to  bo  qnito  arbitrary,  granting  all  his 
experimental  iacts.  I  do  not  see  why,  using  other  media,  he  might  not 
just  as  well  have  obtained  other  elenieutary  colors.  In  the  next  place, 
this  cannot  be  called  an  analj/sh  in  the  same  sense  as  Newton's  analy- 
sis, except  the  relation  between  tto  two  is  shown.  la  it  meant  that 
Newton's  experiments  prove  nothing?  Or  is  Newton's  conclusion 
allowed  to  be  trne  of  light  which  has  not  been  analysed  by  absorption  ? 
And  where  are  we  to  find  such  light,  since  the  atmosphere  absorbs  ? 
Bnt,  I  mast  add,  in  the  third  place,  that  with  a  very  sincere  admiration 
of  Sir  T>.  Brewster's  sHU  as  an  experimenter,  I  think  his  experiment 
requires,  not  only  limitation,  but  confirmation  by  other  experimenters. 
Mr.  Airy  repeated  the  experiments  with  about  thirty  different  absorb- 
ing sul^tances,  and  could  not  satisfy  himself  that  in  any  case  they 
changed  the  color  of  a  ray  of  given  refractive  power.  These  experi- 
ments were  described  hy  him  at  a  meeting  of  the  Cambridge  Philoso- 
phical Society.] 

We  now  proceed  to  the  corrections  which  the  next  generation  intro- 
duced into  the  details  of  this  doctrine. 


CHAPTER  IV. 

DiSCOVEHY    OF    ACHHOMATISM. 


THE  discovery  that  the  laws  of  refi'active  dispersion  of  different  sub- 
stances were  such  as  to  allow  of  combinations  which  neutralized 
the  dispersion  witliont  neutralizing  the  refraction,  is  one  which  has 
hitherto  been  of  more  valne  to  ait  than  to  science.  The  property  has 
no  definite  bearing,  which  has  yet  been  satisfactorily  csplained,  upon 
the  theory  of  light ;  bat  it  is  of  the  greatest  importance  in  its  applica- 
tion to  the  consttuction  of  telescopes  ;  and  it  excited  the  more  notic«, 
in  consequence  of  the  prejudices  and  difticulties  which  for  a  time 
retarded  the  discovery. 

Newton  conceived  that  he  had  proved  by  experiment,'  that  liglit 


'  Opliche,  B.  i.  p.  ii.  Prop.  S 
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is,  «Iiitc  after  refraction,  nLfii  tLe  cmcrg.'iit  lajs  iirc  paijillel  to  tLc 
incident,  and  in  m  other  caae.  If  this  were  so,  the  production  of 
colorless  images  by  refracting  media  nouhl  be  impossible;  and  such, 
in  deference  to  Newton's  great  authority,  was  for  some  time  the 
general  perautaion.  Euler'  observed,  that  a  combination  of  lenses 
which  does  not  color  the  image  must  bo  possible,  since  we  have  an 
example  of  such  a  combination  in  the  human  eye ;  and  he  investigated 
mathematically  the  conditions  requisite  for  such  a  result.  Kiingcu- 
stierna,'  a  Swedish  mathematician,  also  showed  that  Newton's  rule 
could  not  be  univei-sally  true.  Finally,  John  Dollond,'  in  1757, 
repeated  Newton's  experiment,  and  obtained  an  opposite  result.  He 
found  that  when  an  object  was  seen  through  two  prisms,  one  of  glass 
and  one  of  water,  of  such  angles  that  it  did  not  appear  displaced  by 
refraction,  it  was  colored.  Hence  it  followed  that,  without  being 
colored,  the  rays  might  be  made  to  nndei^  refraction;  and  that 
thus,  substituting  lensra  for  prisms,  a  combination  might  be  formed, 
which  should  produce  an  image  without  coloring  it,  and  mate  the 
construction  of  an  achromatic  telescope  possible. 

Euler  at  first  hesitated  to  confide  in  DoUond's  experiments  ;  but  he 
was  assured  of  their  correctness  by  Clairaut,  who  had  throughout  paid 
great  attention  to  the  subject ;  and  those  two  gi'eat  mathematicians, 
as  well  as  D'Alembert,  proceeded  to  investigate  mathematical  ioi- 
multe  which  might  be  useful  in  the  application  of  the  discovery.  The 
remainder  of  the  deductions,  which  were  founded  upon  the  laws  of 
dispersion  of  vaiious  refractive  substances,  belongs  rather  to  the  Ib- 
tory  of  art  than  of  science.  Dollond  used  at  first,  for  his  achromatic 
object-glass,  a  lens  of  crown-glass,  and  one  of  flint-glass.  He  after- 
wards employed  two  lenses  of  the  former  substance,  including  between 
them  one  of  the  latter,  adjusting  the  curvatures  of  his  lenses  in  such  a 
way  as  to  correct  the  imperfections  arising  from  the  spherical  form  of 
the  glaases,  as  well  as  the  fciult  of  color.  Aftei-wards,  Blair  used  fluid 
media  along  with  glass  lenses,  in  order  to  produce  improved  object- 
glasses.  This  has  more  recently  been  done  in  another  form  by  Mr. 
Barlow.  The  inductive  laws  of  I'efraction  being  established,  their 
results  have  been  deduced  by  various  mathematicians,  as  Sir  J.  Her- 
Bchel  and  Professor  Aiiy  among  ourselves,  who  have  simplified  and 
extended  the  investigation  of  the  formulas  which  determine  the  best 
combination  of  lenses  in  the  object-glasses  and  eye-glasses  of  tele- 

'  Ac.  Berlin.  1747.  '  Smdish  Trans.  1754.  '  FhU.  Trans.  1753. 
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scopes,  both  "itli  vcfcrence  to  spherical  ami  to  chromatic  aber- 
rations. 

Accoi'ding  to  DoUond's  discoveiy,  tlie  colored  spectra  produced  by 
prisms  of  two  substauces,  as  flin1>^Iass  and  crowu^lasa,  would  be  of 
the  same  length  when  the  refraction  was  different.  But  a  qnestion 
then  occurred :  When  the  whole  distance  from  the  red  to  the  liolet 
in  one  spectrum  wiB  the  same  as  the  whole  distance  in  the  other,  were 
the  intermediate  colors,  yellow,  green,  <fec.,  in  corresponding  places  in 
the  two!  This  point  al  uld  n  t  b  determined  any  otherwise 
than  by  experiment.  It  app  af  d  th.  t  ha  correspondence  did  not 
exist ;  and,  therefore,  wh  n  tl  t    n      colors  were  corrected  by 

combinations  of  the  diffe  ent  m  d  a,  th  e  still  remained  an  uncor- 
rected residue  of  color  ansm  f  th  est  of  the  spectrum.  This 
defect  was  a  consequence  f  th  p  p  rty  that  the  spectra  belonging 
to  different  media  were  u  t  d  11  the  same  ratio  by  the  same 
colors,  and  was  hence  term  1  th  t   nality  of  the  spectrum.     By 

using  three  prisms,  or  thr     1  ns      tl  olors  may  be  made  to  coin- 

cide instead  of  two,  and  the  effects  of  this  irrationality  greatly 
diminished. 

For  the  reasons  already  mentioned,  we  do  not  pureue  this  subject 
further,"  but  turn  to  those  optical  facts  which  finally  led  to  a  groat 
aud  eomprchcnsive  theoiy. 

[2iid  Ed.]  [Mr.  Chester  More  Hall,  of  More  Hall,  in  Essex,  is 
said  to  have  been  led  by  the  study  of  the  human  eye,  which  he  con- 
ceived to  be  achromatic,  to  construct  achromatic  telescopes  as  early 
as  1729,  Mr.  Hall,  however,  kept  his  invention  a  secret.  David 
Gr^ry,  in  his  Catoptrics  (1713),  had  suggested  that  it  would  joihaph 
be  an  improvement  of  telescopes,  if,  in  imitation  of  the  hnmin  eje 
the  object-glass  were  composed  of  different  media  Encyc  Bni  ait. 
Optics. 

It  is  said  tliat  Clairaut  first  discovered  the  nationality  of  the 
coloj'od  spaces  in  the  spectrum.  In  consequence  of  this  irrationality 
it  follows  that  when  two  refracting  media  are  so  combini,  1  is  to  coi 
rect  each  other's  extreme  dispersion,  (the  separation  ot  the  red  and 
violet  rays,)  this  first  step  of  correction  still  lea\es  a  lesiJue  ff  cokri 


"The  discovery  of  tiiajfierf  lines  in  tlie  apectnim,  by  W  "llasttin 
bofw,  has  more  reoeatly  supplied  the  mpans  <f  iletei mining,  w 
aoournoy,  tlio  cai'responding  popfioue  of  the  »ppotrum  in  d:(r^r"ii 
substauoes. 


rdb,  Google 


LAWS  OF  DOUBLE  B.EPEACTION.  Q9 

tioii,  aiisiiig  from  the  unequal  dispersion  of  tlie  intcnnediate  I'ays  (tiie 
green,  &c.).  These  oaUianding  colors,  as  they  were  termed  by  Profes- 
sor Eobison,  form  the  residua!,  or  secondati/  spectruia 

Dr.  Blair,  by  very  ingenious  devices,  succrcded  in  piolu  mg  an 
objeet-glaas,  corrected  by  a  fluid  lcn=  in  which  this  ilemticn  ot 
color  was  completely  corrected,  and  whuh  pcrfonned  wondertulh 

The  dispeision  prodaced  by  a  piism  may  be  conectcd  by  anothci 
prism  of  the  same  substance  and  ot  a  different  angle  In  this  CKe 
also  there  is  ait  irrationality  ia  tie  colored  spaces,  which  prc\ent8  the 
con-ection  of  color  fi-om  being  complete  ,  and  hence,  a  new  icsiduary 
spectrum,  which  has  been  called  the  lerliary  spectrum,  by  Sir  David 
Brewster,  who  firet  noticed  it 

I  have  omitted,  in  the  notice  of  discoveries  respecting  the  spectmni, 
many  remai'kable  trains  of  experimental  research,  and  especially  tlie 
investigations  respecting  the  powerof  various  media  to  absorb  the  light 
of  ditFerent  parts  of  the  specti'um,  prosecuted  by  Sir  David  Brewster 
with  extraordinary  skill  and  sagacity.  The  observations  are  referred 
\o  in  chapter  iii.  Sir  John  Herschel,  Prof.  Miller,  Mr.  Daniel,  Dr. 
Faraday,  and  Mr.  Talbot,  have  also  contiibuted  to  this  part  of  our 
knowledge.] 


DiscovBBY  or  THE  Laws  of  Docble  Eefraction. 

THE  laws  of  refraction  which  wc  have  hitherto  described,  were  sim- 
ple and  uniform,  and  had  a  symmetrical  reference  to  the  surface 
of  the  refracting  medium.  It  appeared  strange  to  men,  when  their 
attention  was  drawn  to  a  class  of  phenomena  in  which  this  symmetry 
was  wanting,  and  in  which  a  refraction  took  place  which  was  not  even 
in  the  plane  of  incidence.  The  subject  was  not  unworthy  the  notice 
and  admiration  it  attracted ;  for  the  prosecution  of  it  ended  in  the  dis- 
covery of  the  general  laws  of  light.  Tlie  phenomena  of  which  I  now 
speak,  are  those  exhibited  by  various  tinds  of  crystalline  bodies ;  but 
observed  for  a  long  time  in  one  kind  only,  namely,  the  rhombohedral 
calc-spar ;  or,  as  it  was  usually  termed,  frtym  the  country  which  sup- 
plied the  largest  and  clearest  ciystals,  Iceland  spar.     These  rliombo- 
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hedi'al  crystals  are  usually  very  smootli  and  transparent,  and  often  of 
considerable  size ;  and  it  was  observed,  on  looking  tbrongb  tbem,  tbat 
all  objects  appeared  double.  The  phenomena,  even  as  early  as  1009, 
had  been  considered  so  curious,  that  Erf^mus  Bartholin  published  a 
work  npon  them  at  Copenhagen,'  (^Experimetiia  CrystalU  Islandki, 
Hafiiiie,  1669.)  He  analysed  the  phenomena  into  their  laws,  so  far 
as  to  discover  tliat  one  of  the  two  images  was  produced  by  refraction 
after  the  usual  rule,  and  the  other  by  an  iniusual  refraction.  This  lat- 
ter refraction  Bartholin  found  to  vary  in  different  positions ;  to  be 
regulated  by  a  line  parallel  to  the  sides  of  the  rhombohedron ;  and  to 
be  greatest  in  the  direction  of  a  line  bisecting  two  of  the  angles  of  tlie 
rhombic  face  of  the  crystal. 

These  rales  were  exact  as  far  as  they  went;  and  when  we  consider 
how  geometrically  complex  the  Jaw  is,  which  really  regulates  the 
unusual  or  extraordinary  refraction ; — that  Newton  altogether  mistook 
it,  and  that  it  was  not  verified  till  the  expei-iments  of  Hauy  and  Wol- 
l^ton  in  our  own  time ; — we  might  expect  that  it  would  not  be  soon 
or  easily  detected.  But  H  yghens  possessed  a  key  to  the  secret,  in 
the  theory,  which  h  hal  levised  of  the  propagation  of  light  by  un- 
dulations, and  whj  h  he  n  e  ed  with  perfect  distinctness  and  cor- 
rectness, so  far  as  t  a[pl  at  nto  these  phenomena  is  concerned. 
Hence  he  was  enabl  d  to  lay  down  the  Jaw  of  the  phenomena  (the 
only  part  of  his  d  y  wh   h  wo  have  here  to  consider),  with  ii 


precision  a 


s  which  excited  deserved  admiration,  when  the 


subject,  at  a  much  later  period,  regmned  its  due  share  of  attention. 
His  Treatise  was  written'  in  10Y8,  but  not  published  till  1090. 

The  laws  of  the  ordinary  and  the  exlraordinart/  refraction  in  Ice- 
land spar  are  related  to  each  other ;  they  are,  in  fact,  similar  construc- 
tions, made,  in  the  one  case,  by  means  of  an  imaginary  sphere,  in  the 
other,  by  means  of  a  spheroid  ;  the  spheroid  being  of  such  oblatcncss 
as  to  suit  the  rhombohedral  form  of  the  crystal,  and  the  asis  of  the 
spheroid  being  tlie  axis  of  symmetry  of  the  crystal.  Huyghens  fol- 
lowed this  general  conception  into  particular  positions  and  conditions; 
and  thus  obtmned  rules,  which  he  compared  with  observation,  for  cut- 
ting the  ciystat  and  transmitting  the  rays  in  various  manner.  " ! 
have  examined  in  detail,"  says  he,'  "the  properties  of  the  extraoidi- 


'  Friesaey'a  Opiies,  p.  S.iO.  '  See  hU  Trails  dn  la  iMmiirs.     Prefaoi 

'  Seo  Maeares's  TracU  on  Opi'ias,  p.  250 ;  oi'  Huygbens,  Tt.  sur  la  Lum.  el 
Art.  43. 
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nary  refraction  of  this  crystal,  to  see  if  each  phenomenon  which  is 
deduced  from  theory,  would  agree  with  what  is  really  observed.  And 
tliia  being  so,  it  is  no  sligM  proof  of  the  tmth  of  our  suppositions  and 
principles ;  but  what  I  am  going  to  add  here  confirms  them  still  more 
wonderfully ;  that  is,  the  different  modes  of  cutting  this  cr3'8tal,  in 
which  the  surfaces  produced  give  lise  to  refi'Mtions  exactly  such  as 
they  ought  to  be,  and  as  I  had  foreseen  them,  according  to  the  pre- 
ceding theory." 

Statements  of  this  kind,  coming  from  a  philosopher  like  Huyghens, 
were  entitled  to  great  confidence;  Newton,  however,  appears  not  to 
have  noticed,  or  to  have  disregarded  them.  In  his  Optkks,  he  gives  a 
rule  for  the  extraordinary  refraction  of  Iceland  spar  which  is  alto- 
gether erroneous,  without  assigning  any  reason  for  rejecting  the  law 
published  by  Huyghens ;  and,  so  far  as  appears,  without  having  made 
any  experimenta  of.  his  own.  The  Huyghenian  doctrine  of  donble 
refraction  fell,  along  with  his  theory  of  undulations,  into  temporary 
neglect,  of  which  wo  shall  have  hereafter  to  speak.  But  in  1788, 
Haiiy  showed  that  Huyghens's  rule  agreed  much  better  than  Newton's 
with  the  phenomena:  and  in  1802,  Wollsalon,  applying  a  method 
of  his  own  for  measuring  refraction,  came  to  the  same  result.  "He 
made,"  says  Young,'  "  a  number  of  accurate  experiments  with  an  appa- 
ratus singularly  well  calculated  to  examine  the  phenomena,  but  could 
find  no  general  principle  to  connect  them,  until  the  work  of  Huy- 
ghens was  pointed  out  to  him."  In  1808,  the  subject  of  double  refrac- 
tion was  proposed  as  a  prize-qnestion  by  the  Trench  Institute ;  and 
Mains,  whose  Memoir  obtained  the  prize,  says,  "  I  began  by  observing 
and  measuring  a  long  series  of  phenomena  on  natural  and  artificial 
faces  of  Iceland  spar.  Tlien,  testing  by  means  of  these  observations 
the  different  laws  pl'oposed  up  to  the  present  time  by  physical  wiitei's, 
I  was  struck  with  the  admirable  agreement  of  the  law  of  Huyghens 
with  the  phenomena,  and  I  was  soon  convinced  that  it  is  really  the 
law  of  nature."  Pursuing  the  consequences  of  the  law,  he  found  that 
it  satisfied  phenomena  which  Huyghens  himself  had  not  observed. 
From  this  time,  then,  the  truth  of  the  Huyghenian  law  was  universally 
allowed,  and  soon  afterwards,  the  theory  by  which  it  had  been  sug- 
gested was  generally  received. 

The  property  of  double  refraction  had  been  first  studied  only  in  Ice- 
land spar,  in  which  it  is  very  obvious.     The  same  property  belongs, 

'  Quart.  Rev.  180S,  Nov.  p.  33S. 
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though  lees  conspicuously,  to  many  othev  kinds  of  crystals.  Huy- 
ghens  had  noticed  the  same  fact  in  rock-crystal ;'  and  Mains  found  it 
to  belong  to  a  large  list  of  bodies  besides ;  for  instance,  arragonite, 
sulphate  of  lime,  of  baryta,  of  strontia,  of  iron ;  carbonate  of  lead ; 
zircon,  corundum,  cymophane,  emerald,  euclase,  felspar,  mesotype,  peri- 
dote,  suIpiiTir,  and  mollite.  Attempts  were  made,  with  imperfect  snc- 
cesB,  to  reduce  all  these  to  the  law  which  had  been  established  for  Ice- 
land spar.  In  the  first  instance,  Malus  toot  for  granted  that  the  extra- 
ordinaiy  refraction  depended  always  upon  an  oblate  spheroid  ;  but  M. 
Biot'  pointed  out  a  distinction  between  two  classes  of  crystals  in 
which  this  spheroid  was  oblong  and  oblate  respectively,  and  these  he 
called  attractive  and  repuldim  crystals.  With  this  correction,  the  law 
could  be  extended  to  a  considerable  number  of  eases ;  but  it  was  aft«r- 
wards  proved  by  Sir  I),  Brewster's  discoveries,  that  even  in  this  form, 
it  belonged  only  to  substances  of  which  the  crystallization  has  relation 
to  a  single  axis  of  symmetry,  as  the  rhombohedron,  or  the  square 
pyramid.  In  other  cases,  as  the  rhombic  piism,  in  which  the  form, 
considered  with  reference  to  its  crystalline  symmetry,  is  fizaajaZ,  the  law 
is  much  more  complicated.  In  that  case,  the  sphere  and  the  sphe- 
roid, which  are  used  in  the  construction  for  uniaaal  crystals,  transform 
themselves  into  the  two  successfnl  convolutions  of  a  single  continuous 
curve  surface;  neither  of  the  two  rays  follows  the  law  of  ordinary 
refraction ;  and  the  formula  which  determines  their  position  is  veiy 
complex.  It  is,  however,  capable  of  being  tested  by  measures  of  the 
refractions  of  crystals  cut  in  a  peculiar  manner  for  the  purpose,  and 
thb  was  done  by  MM.  Fresnel  and  Arago.  But  this  complex  law  of 
double  refraction  was  only  discovered  through  the  aid  of  the  theory  of 
a  luminiferons  ether,  and  therefore  we  must  now  return  to  the  other 
&eta  which  led  to  such  a  theory. 


rthe  Ex 
strange, 


CHAPTER  VI. 

DiscovEKY  Of  THE  Laws  of  Polarization. 

Extraordinary  Eofraction   of   Iceland  spar    had   appeared 
ige,  another  phenomenon   was  soon   noticed   in  the  same 


=  Tra'Ue  de  la  L'lmi'ere,  cli,  v.  Art.  20.  °  Biot,  Traite  de  Fhys. 
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substance,  whicli  appeafed  stiangei  stiU,  and  wliicli  in  tlia  sequel  was 
found  to  be  no  less  impoitant  I  sppafe  of  the  facts  ivhich  were 
afterwards  described  tiiidei  the  tcim  P<jlarization.  Huyghens  was 
the  discovei-er  of  this  class  ut  facts  At  the  end  of  the  treatisewhich 
we  have  already  quoted,  he  sa>s,'  "  Befoie  I  quit  the  subject  of  this 
ciystal,  I  will  add  one  other  man-ellous  phenomenon,  which  I  hare 
discovered  ance  writing  the  above ;  for  though  hitherto  I  have  not 
been  able  to  find  out  its  cause,  I  will  not,  on  that  account,  omit  point- 
ing it  out,  that  I  may  give  occasion  to  otliei's  to  examine  it."  He 
then  states  the  phenomena;  which  are,  that  when  two  ihombohe- 
drons  of  Iceland  spar  are  in  parallel  positions,  a  ray  donbly  refracted 
by  the  first,  is  not  further  divided  when  it  falls  on  the  second  :  the 
ordinarily  refracted  ray  is  ordinarily  refracted  onlij,  and  the  extra- 
oi'dinary  ray  is  only  extraordinarily  refracted  by  the  second  crystal, 
neither  ray  being  doubly  refracted.  The  same  is  still  the  case,  if  the  two 
crystals  have  their  principal  planes  parallel,  though  they  themselves 
are  not  paralleL  But  if  the  principal  plane  of  the  second  crystal  be 
perpendicular  to  that  of  the  first,  the  reverse  of  what  has  been  described 
takes  place ;  the  ordinarily  refracted  ray  of  the  first  crystal  Buffer's, 
at  the  second,  exti'aordinary  refraction  only,  and  the  extraordinary  ray 
of  the  first  suffers  ordinary  refraction  only  at  the  second.  Thus,  in 
each  of  these  positions,  the  double  refraction  of  each  ray  at  the 
second  crystal  is  reduced  to  single  refraction,  though  in  a  different 
manner  in  the  two  cases.  But  in  any  other  position  of  the  crystals, 
each  ray,  produced  by  the  first,  is  doubly  refi'acted  by  the  second,  so 
as  to  produce  four  rays. 

A  step  in  the  right  conception  of  these  phenomena  was  made  by 
Ne\¥ton,  in  the  second  edition  of  his  Opticks  (I7l7).  He  represent- 
ed them  as  resulting  from  this ; — that  the  rays  of  light  have  "  sides," 
and  that  they  undergo  the  ordinary  or  extraordinary  refraction,  accor- 
ding as  these  sides  are  parallel  to  the  principal  plane  of  the  crystal, 
or  at  right  angles  to  it  (Query  26).  In  this  way,  it  is  clear,  that 
those  rays  which,  in  the  first  crystal,  had  been  selected  for  extraordi- 
naiy  refraction,  because  their  sides  were  perpendiculai- to  the  principal 
plane,  would  all  suffer  extraordinary  refraction  at  the  second  crystal 
for  the  same  reason,  if  its  principal  plane  were  parallel  to  that  of  the 
first ;  and  would  all  suffer  ordinary  refraction,  if  the  principal  plane 
of  the  second  ciystal  were  perpendicular  to  that  of  the  first,  and  con- 

'  3V.  Opt.  p.  252. 
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scqtiently  parallel  to  the  sides  of  the  refracted  ray.  This  view  of  the 
subject  includes  some  of  the  leading  features  of  the  case,  but  stilt 
leaves  several  considerable  difBculties. 

No  materia!  advance  was  made  in  the  subject  till  it  was  taken  up 
by  Malus,"  along  with  tie  other  circumstances  of  double  refraction, 
about  a  hundred  yeai-s  afterwards.  He  verified  what  had  been  ob- 
served by  Huyghens  and  Kewton,  on  the  subject  of  the  variations 
which  light  thus  exhibits;  but  he  discovered  that  this  modificatiou,  iu 
virtue  of  which  light  undergoes  the  ordinary,  or  the  exti'aordinary, 
refraction,  according  to  the  position  of  the  plane  of  tlie  crystal,  may 
be  impressed  tipon  it  many  other  ways.  One  part  of  this  discovery 
was  made  accidentally."  In  1808,  Malus  happened  to  be  observing 
the  light  of  the  setting  sun,  reflected  fi-om  the  windows  of  the  Luxem- 
bourg, through  a  rhombohedron  of  Iceland  spar ;  and  he  observed 
that  in  turning  round  the  crystal,  the  two  images  varied  in  their 
intensity.  Neither  of  the  images  completely  vanished,  because  tJio 
light  from  the  windows  was  not  properly  modified,  or,  to  use  the  term 
which  Malus  soon  adopted,  was  not  coio'pletelj  polarized.  The  com- 
plete polarization  of  light  by  reflection  from  glass,  or  any  other  trans- 
pai-ent  substance,  was  found  to  take  place  at  a  certain  definite  angle, 
different  for  each  substance.  It  was  found  also  that  in  all  crystals  in 
which  double  reiraetion  occurred,  the  separation  of  the  refracted  rays 
was  accompanied  by  polarization;  the  two  rays,  the  ordinary  and  the 
extraordinary,  being  always  polarized  oppositely,  that  is,  in  planes  at 
right  angles  to  each  other.  The  tana  poles,  used  by  Malus,  conveyed 
nearly  the  same  notion  as  the  term  sides  which  had  been  employed  by 
Newfon,  with  the  additional  conception  of  a  property  which  appeared 
or  disappeared  accoi-ding  as  the  poles  of  the  particles  were  or  were 
not  in  a  certain  direction;  a  property  thus  resembling  ^e, polarity  of 
magnetic  bodies.  "When  a  spot  of  polarized  light  is  looked  at  through 
a  transparent  crystal  of  Iceland  spar,  each  of  the  two  images  produced 
by  the  double  refraction  varies  in  brightness  as  the  crystal  is  turned 
round.  I^  for  the  sake  of  example,  we  suppose  the  crj'stal  to  be 
turned  i-ound  in  the  direction  of  the  points  of  the  compass,  N,  E,  S, 
W,  and  if  one  image  be  brightest  when  the  crystal  marks  N  and  S, 
it  will  disappear  when  the  ei-ystal  marks  E  and  W  :  and  on  the  con- 
trary, the  second  image  will  vanish  when  the  crystal  marks  N  and  S, 


'  Mfllae,  Th,  de  lalhub.  Hi/,  p.  £96. 
'Arogo,  art,  Polaniotton,  Supp.  Mac.  Brit, 
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and  will  be  liriglitost  wlien  the  crystal  marks  E  and  W.  The  first  of 
these  images  is  polarized  in  the  pltim  NS  passing  through  the  ray, 
and  the  second  in  tiw  plane  EW,  perpendicular  to  the  other.  And 
these  rays  are  oppositely  polarized.  It  was  further  found  that  whether 
tie  ray  were  polarized  by  reflection  from  glass,  or  from  water,  or  by 
double  refraction,  the  modification  of  light  so  produced,  or  the  nature 
of  the  polarization,  was  identical  in  all  these  cases ; — that  the  a!tema- 
tivos  of  ordinary  and  extraordinary  refraction  and  non-refraction,  were 
the  same,  by  whatever  crystal  they  were  tested,  or  in  whatever  manner 
the  polarization  had  been  impressed  upon  the  light;  in  short,  that  the 
property,  when  once  acquired,  was  independent  of  everything  except 
the  sides  or  poles  of  the  ray  ;  and  Urns,  in  1811,  the  term  "polariza- 
tion "  was  introduced.* 

This  being  the  state  of  the  subject,  it  became  an  obvious  question, 
by  what  other  means,  and  according  to  what  laws,  this  property  was 
communicated.  It  was  fonnd  that  some  crj-stals,  instead  of  giving, 
by  double  refcaction,  two  images  oppositely  polarized,  give  a  single 
polarized  image.  This  property  was  discovered  in  the  agate  by  Sir 
D.  Brewster,  and  in  tourmaline  by  M.  Biot  and  Dr.  Seebeck.  The 
latter  minei'al  became,  in  consequence,  a  very  convenient  part  of  the 
apparatus  used  in  such  obsen-ations.  Various  pecnliarities  bearing 
upon  this  subject,  were  detected  by  diiferent  experimenters.  It  was  in 
a  short  tune  discovered,  that  light  might  be  polarized  by  refraction,  as 
well  M  by  reflection,  at  the  surface  of  uncrystallized  bodies,  as  glass ; 
the  plane  of  polarization  being  pei-pendieular  to  the  plane  of  refi-ac- 
tion ;  further,  that  when  a  portion  of  a  ray  of  light  was  polarized  by 
reflection,  a  corresponding  portion  was  polarized  by  transmission,  the 
planes  of  the  two  polarizations  being  at  right  angles  to  each  other.  It 
was  found  also  that  the  polarization  which  was  incomplete  with  a 
single  plate,  either  by  reflection  or  refraction,  might  be  made  more  and 
more  complete  by  increasing  the  number  of  plates. 

Among  an  accumulation  of  phenomena  lite  this,  it  is  our  business 
to  inqnire  what  general  laws  were  discovered.  To  malie  such  dis- 
coveries without  possessing  the  general  theory  of  the  facts,  required 
no  ordinary  sagacity  and  good  fortune.  Yet  several  laws  were  detected 
at  this  stage  of  the  subject.  Mains,  in  1811,  obtained  the  important 
generalization  that,  whenever  we  obtEun,  by  any  means,  a  polarized 
ray  of  light,  we  produce  also  another  ray,  polarized  in  a  contrary 
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direction  ;  tliiis  wken  reflection  gives  a  polarized  ray,  tlie  corapanion- 
ray  is  refracted  polarized  oppositely,  along  with  a  quantity  of  unpolar- 
ized  light.  And  we  must  particularly  notice  Sir  S.  Braoster's  rule 
for  the  polaruing  angle  of  different  bodies. 

Mains'  had  said  that  the  angle  of  reflection  from  transparent  bodies 
which  most  completely  polaiizes  the  reflected  ray,  does  not  Jbllow  any 
discoverable  rule  with  regard  to  the  order  of  refractive  or  dispersive 
powers  of  the  substances.  Yet  the  rule  was  in  reality  very  simple. 
In  1815,  8ir  D.  Brewster  stated'  as  the  law,  which  in  all  cases  deter- 
mines this  angle,  that  "the  index  of  refraction  is  tlie  tangent  of  the 
angle  of  polarization."  It  follows  from  this,  that  the  polai'ization  takes 
place  when  the  reflected  and  refracted  rays  ate  at  right  angles  to  each 
other.  This  simple  and  elegant  rule  has  been  fully  confirmed  by  all 
subsequent  observations,  as  by  those  of  MM.  Biot  and  Seebeck ;  and 
must  be  considered  one  of  the  happiest  and  most  important  discoveries 
of  the  laws  of  phenomena  in  Optics. 

The  rule  for  polarization  by  one  reflection  being  thus  discovered, 
tentative  fomiulse  were  proposed  by  Sir  D,  Brewster  and  M.  Biot,  for 
the  cases  in  which  several  reflections  or  refiTictions  take  plaee.  Fresnel 
also  in  181T  and  1818,  traced  the  effect  of  reflection  in  modifying  tlie 
direction  of  polarization,  which  Malus  had  done  inaccurately  in  1810. 
But  the  complexity  of  the  subject  made  all  saoh  attempts  extremely 
precarious,  till  the  theoiy  of  the  phenomena  was  understood,  a  period 
which  now  comes  under  notice.  The  laws  which  we  have  spoken  of 
were  important  materials  for  the  establishment  of  the  theory ;  but  in 
the  mean  tune,  its  progress  at  first  had  been  more  forwarded  by  some 
other  classes  of  feels,  of  a  different  kind,  and  of  a  longer  standing 
notoriety,  to  which  we  must  now  turn  our  attention. 


CHAPTER  VII. 
DiscovEnY  OF  TUB  Laws  of  the  Colouhs  oi'  Tjiin  Pj,ates. 

THE  facts  which  we  have  now  to  consider  are  remarkable,  inasmuch 
as  the  colours  are  produced  merely  by  the  smallness  of  dimensions 
of  the  bodies  employed.     The  light  is  not  analysed  by  any  peculiar 
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property  of  the  substances,  but  di-wcted  \^^  the  Hiuiiitoncss  ot  tliur 
pails.  On  tliis  account,  the=e  phoncmena  give  lery  jmpoitant  inditi 
tions  of  the  real  structure  oi  hght  and  at  an  early  penod  suggc-tc  I 
views  which  are,  in  a  great  raeiaure  jn&t 

Hoote  appears  to  be  the  first  person  nho  made  any  pngie-s  m  Jiv 
covering  the  laws  of  tho  colors  of  thin  plates  Iq  Uis  Mic  ojiapkia 
printed  by  the  Royal  Society  in  16f  4,  ht  describe'!  in  a  detailed  and 
sj'stematic  manner,  several  phenomena  of  this  kind,  whi  Ii  In,  calK 
"fantastical  colors."  Hi,  e\amined  them  m  Mu&covy  gJa  s  ji  miea, 
a  transparent  mineral  which  is  capable  ot  I  Ling  split  into  the  c'^cee  1 
ijigly  thin  films  which  aiL  lequisite  foi  "iULh  colors ,  hi,  noticed  thini 
also  in  the  fissures  of  the  same  substance,  in  bubbles  blown  of  water, 
rosin,  gum,  glass ;  in  the  films  on  the  surface  of  tempered  steel ;  be- 
tween two  plane  pieces  of  glass  ;  and  in  other  eases.  He  perceived 
also,'  that  the  production  of  eadi  color  required  a  plate  of  determi- 
nate thickness,  and  he  employed  this  circumstance  as  one  of  the 
grounds  of  his  theory  of  light. 

Newton  took  up  the  subject  wliere  Ilooke  had  left  it ;  and  followed  it 
out  with  his  accustomed  skill  and  clearness,  in  his  Discourse  on  Light 
and  Colors,  communicated  to  the  Royal  Society  in  I6Y5,  He  deter- 
mined, what  Hooke  had  not  ascertained,  tho  thickness  of  tho  fihn 
which  was  requisite  for  the  production  of  eaeh  color ;  and  in  this 
way  explained,  in  a  complete  and  admirable  manner,  the  colored 
rings  which  occur  when  two  lenses  are  pressed  together,  and  the  scak 
of  color  which  the  rings  follow  ;  a  step  of  the  more  consequence,  as 
the  same  scale  occurs  in  many  other  optical  phenomena. 

It  is  not  our  business  here  to  state  the  hypothesis  with  regard  to  tho 
properties  of  light  which  Newton  founded  on  those  facta ; — the  "  fits  of 
easy  transmission  and  refiection."  We  shall  see  hereafter  that  his 
attempted  induction  was  imperfect;  and  hia  endeavor  to  account,  bv 
means  of  the  laws  of  thin  plates,  for  the  colors  of  natural  bodies,  is  alto- 
gether unsatisfactory.  But  notwithstanding  these  failures  in  tho  specu- 
lations on  this  subject,  he  did  make  in  it  some  very  important  steps  ; 
for  he  clearly  ascertained  that  when  the  thickness  of  the  plate  was 
about  l-178000th  of  an  inch,  or  three  times,  five  times,  seven  times 
that  magnitude,  there  was  a  bright  color  produced;  but  blackness, 
when  the  thickness  was  exactly  inteimediate  between  those  magni- 
tudes.    He  found,  also,  that  the  thicknesses  which  gave  red  and  vio- 

'  MioroQrapkia,  p.  53, 
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li-t"  wore  lis  fourteoii  to  nine;  and  tLe  intemiodiate  colors  of  course 
corresponded  to  intermediate  thicknesses,  and  therefore,  in  his  appai-a- 
tils,  consisting  of  two  lenses  pressed  together,  appeared  as  rings  of 
intermediate  sizes.  His  mode  of  confirming  the  rule,  by  throwing 
upon  this  apparatus  differently  colored  homogeneous  light,  is  striking 
and  elegant.  "  It  was  veiy  pleasant,"  he  says,  "  to  see  the  rings  gra- 
dually sweU  and  contract  as  the  color  of  the  light  was  changed." 

It  is  not  necessary  to  enter  further  into  the  detail  of  these  pheno- 
mena, or  to  notice  tJio  rings  seen  by  transmission,  and  other  circum- 
stances. The  important  step  made  by  Newton  in  this  matter  was,  the 
showing  that  the  rays  of  light,  in  these  experiments,  as  they  pass 
onwards  go  periodically  through  certain  cycles  of  modification,  each 
period  oceupyiilg  nearly  the  small  fraction  of  an  inch  mentioned 
above ;  and  this  interval  being  different  for  different  colors.  Although 
Newton  did  not  coiTectly  disentangle  the  conditions  under  which  this 
periodical  character  is  manifestly  disclosed,  the  discovery  that,  nnder 
some  circumstances,  saeh  a  periodical  character  does  exist,  was  likely 
to  influence,  and  did  influence,  materially  and  beneficially,  the  subse- 
quent progress  of  Optics  towards  a  connected  theory. 

We  must  now  trace  this  progress ;  but  before  we  pi-oceed  to  this 
task,  we  will  briefly  notice  a  number  of  optical  phenomena  which  had 
been  collected,  and  which  waited  for  the  touch  of  sonnd  theory  to 
introduce  among  them  that  rule  and  order  which  mere  observation 
had  sought  for  in  vain. 


CHAPTER  VIII. 
Attempts  to  DiacovEUTtiE  Laws    p  oiulr  PnrM.MEVA 

THE  phenomena  which  result  from  optical  Loml  ination-,  even  rf  i 
comparatively  simple  nature,  are  extremely  complex  The  tliefrj 
which  is  now  known  accounts  for  these  revolts  with  the  most  cunous 
exactness,  and  points  out  the  laws  whieh  pervade  the  appaitnt  confu 
sion;  but  without  this  key  to  the  appearance?  it  was  scarcely  possible 
tiiat  any  rule  or  order  should  he  dete  ted      The  undertaking  was  of 

"  OpHchs,  p.  184. 
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the  same  kind  as  it  would  have  been,  to  discover  all  the  inequalities  of 
the  moon's  motion,  without  the  aid  of  the  doctrine  of  gi-avity.  We 
will  enumerate  some  of  the  phenomena  which  thus  employed  and 
perplexed  the  cuitivatore  of  optics. 

The  fringes  of  shadows  were  one  of  the  mtst  curious  and  noted  of 
snch  classes  of  facts.  These  were  first  remarked  by  Grimaldi'  {1665), 
and  referred  by  him  to  a  property  of  light  which  he  called  Dt  fraction. 
When  shadows  are  made  in  a  dart  room,  by  light  admitted  through  a 
very  small  hole,  these  appearances  are  very  conspicuous  and  beautiful. 
Itooke,  in  1672,  communicated  similar  observations  to  the  Eoyal 
Society,  as  "  a  new  pioperty  of  light  not  mentioned  by  any  optical 
writer  before ;"  by  which  we  see  that  he  had  not  heard  of  Grimaldi's 
experiments.  Newton,  in  his  Optieles,  treata  of  the  same  phenomena, 
which  he  ascribes  to  the  mfleTwn  of  the  rays  of  light.  He  asks  (Qu. 
3),  "  Are  not  the  rays  of  light,  in  passing  by  the  edges  and  sides  of 
bodies,  bent  several  times  backward  and  forward  with  a  motion  like 
that  of  an  eel  ?  And  do  not  the  three  fringes  of  colored  light  in  sha- 
dows arise  from  three  snch  bendings !"  It  is  remarkable  that  Newton 
should  not  have  noticed,  that  it  is  impossible,  in  this  way,  to  account 
for  the  fiiots,  or  even  to  express  their  laws ;  since  the  light  which  pro- 
duces the  fringes  must,  on  this  theory,  be  propagated,  even  after  it 
leaves  the  neighborhood  of  the  opake  body,  in  curves,  and  not  in  straight 
lines.  Accordingly,  all  who  have  taken  up  Newton's  notion  of  inflex- 
ion, have  inevitably  iailed  in  giving  anything  like  an  intelligible  and 
coherent  character  to  these  phenomena.  This  is,  for  example,  the  case 
with  Mv.  (now  Lord)  Brougham's  attempts  in  the  Philosophical  Trans- 
aciiom  for  1796.  The  same  may  be  said  of  other  experimenters,  as 
Mairan'  and  Du  Four,'  wh  o  attempted  to  explain  the  facts  by  supposing 
an  atmosphere  about  the  opake  body.  Several  authors,  as  Maraldi,' 
and  Comparetti,'  repeated  or  varied  these  experiments  in  different 

;s  of  color  produced  by  a  glass  specu- 
Inm,  which  he  called  "colors  of  thick  plates,"  and  which  he  attempted 
to  connect  with  the  colors  of  thin  plates.  His  reasoning  is  by  no 
means  satisfactory ;  but  it  was  of  nse,  by  pointing  out  this  as  a  case  in 
which  his  "  fits  "  {the  small  periods,  or  cycles  in  the  rays  of  light,  of 


'  Pki/sieo-MatJiesis,  de  I/umine,  Cohribm  ttlride.    Bologna,  1665. 

'  An.  Par.  1738.  '  MemoiTea  Prismlli,  vol.  y.  '  Ac.  Par.  lT23. 

'  ObservalioHea  Opticis  de Luce Infiexi  e(  Ooloribu>.    Piidun,  IVSI. 
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wlilcli  ue  have  spokuii)  continued  to  occnr  for  a  considerable  length 
of  the  ray.  But  other  persons,  attempting  to  repeat  liia  experiments, 
confounded  with  them  extraneous  phenomena  of  other  kinds;  as  tlie 
Due  de  Chaiilncs,  who  spread  muslin  before  Lis  mirror,'  and  Dr. 
Eerschel,  who  scattered  hair-powder  before  his.'  The  colore  produced 
by  the  muslin  were  those  belon^ng  to  shadows  of  gratings,  after- 
wards examined  more  successfuHy  by  FrauuLofer,  when  in  possession 
of  the  theory.  We  may  mention  liere  also  the  colors  which  appear 
on  finely-striated  surfaces,  and  on  mother-of-pearl,  featheiis,  and  similar 
substances.  These  had  been  examined  by  various  persons  (as  Boyle, 
Mazeas,  Lord  Brougham),  but  could  still,  st  this  period,  be  only  looted 
upon  as  insulated  and  lawless  facts. 


CIIAITEIl  IX. 
DiscovBET  or  TUB  Laws  of  Phenomkna  of  Dipolarized  Light. 

BESIDES  the  above-mentioned  perplexing  cases  of  colow  produced 
by  common  light,  cases  of  'periodical  colors  produced  by  polar- 
ized light  began  to  be  discovered,  and  soon  became  numerous.  In 
August,  1811,  M.  Arago  communicated  to  the  Institute  of  France  an 
account  of  colore  seen  by  passing  polarized  light  through  mica,  and 
analyaing^  it  with  a  prism  of  Iceland  spar.  It  is  remarkable  that  the 
light  which  produced  the  colore  in  this  case  was  the  light  polarized  by 
the  sty,  a  cause  of  polarization  not  previously  known.  The  effect 
which  the  mica  thus  produced  was  termed  depolarization; — not  a  very 
happy  term,  since  the  effect  is  not  the  destruction  of  the  polarization, 
but  the  combination  of  a  new  polarizing  influence  with  the  former. 
The  word  dipolarh^btion,  which  has  since  been  propcsed,  is  a  much 
more  appropriate  explosion.  Several  other  curious  phenomena  of  the 
same  kind  were  observed  in  quartz,  and  in  flint-glass.  M.  Arago  was 
not  able  to  reduce  these  phenomena  f*  laws,  but  he  had  a  full  convic- 
tion of  their  value,  and  ventures  to  class  them  with  the  great  steps  in 


"  Ac.  Par,  1V55.  '  Phil.  Teaiu.  180' 

'  The  priem  of  Iceland  epar  produces  the  colors  bj  separating  tlio  tran 

ted  tajs  aecordiiig  to  the  laws  of  double  refraction.    Hence  it  is  said  to 

I'pse  the  light. 
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Uiis  pai't  of  optics,  "To  Bartholin  we  owe  the  knowlodge  of  doiibl): 
refraction ;  to  Hnyghens,  that  of  the  accompanying  polarization ;  to 
Mains,  polarization  by  reflection;  to  Arago,  depolarization."  Sir  B. 
Brewster  was  at  the  same  time  engaged  in  a  similar  train  of  research ; 
and  made  discoveries  of  the  same  nature,  which,  though  not  pub- 
lished till  some  time  after  those  of  Arago,  were  obtained  without  a 
knowledge  of  what  had  beeu  done  by  him.  Sir  D.  Brewster's  Trea- 
tise  on  New  Philosophical  Instruments,  published  in  1913,  contains 
many  curious  expeiiments  on  the  "  depolaidzing"  propeilies  of  mine- 
rals. Both  these  observers  noticed  the  changes  of  color  which  are 
produced  by  changes  in  the  position  of  the  my,  and  the  alternations 
of  color  in  the  two  oppositely  polarized  images ;  and  Sir  D.  Brewster 
discovered  that,  in  topaz,  the  phenomena  had  a  certain  reference  to 
lines  which  he  called  the  neutral  and  depolari^nff  axes,  M.  Biot  had 
endeavored  to  reduce  the  phenomena  to  a  law ;  and  had  sncceeded  so 
tar,  that  he  fonnd  that  in  the  plates  of  sulphate  of  lime,  the  place  of 
the  tint,  estimated  in  Newton's  scale  (see  ante,  chap,  vii.),  was  as  the 
square  of  the  sine  of  the  inclination,  Bnt  the  laws  of  these  pheno- 
mena became  much  more  obvious  when  they  were  observed  by  Sir  D, 
Brewster  with  a  larger  field  of  view.'  He  found  that  the  colore  of 
topas,  tinder  the  clrcamstancos  now  described,  exhibited  themselves  iu 
the  form  of  elliptical  rings,  crossed  by  a  black  bar,  "  the  most  brilliant 
class  of  phenomena,"  as  ho  jnstly  says,  "  in  the  whole  range  of  optics." 
In  1814,  also,  Wollaston  observed  the  circular  rings  with  a  black 
cross,  produced  by  similar  means  in  calc-spar;  and  M.  Biot,  in  1815, 
made  the  same  observation.  The  rings  in  several  of  these  cases  were 
carefully  measured  by  M,  Biot  and  Sir  D.  Brewster,  and  a  gi'eat  mass 
of  similar  phenomena  was  discovered.  These  were  added  to  by  various 
persons,  as  M.  Seebeck,  and  Sir  John  Herschel, 

SirD,  Brewster,  in  1818,  discovered  a  general  relation  between  the 
crystalline  form  and  the  optical  propei'iies,  which  gave  an  incalculable 
impulse  and  a  new  clearness  to  these  researches.  He  found  that  there 
was  a  correspondence  between  the  degree  of  symmetry  of  the  optical 
phenomena  and  the  crystalline  form ;  those  crystals  which  are  uniaxal 
in  the  crystallographical  sense,  ai'e  also  uniasal  in  their  optical  proper- 
ties, and  give  circular  rings ;  those  which  are  of  other  forms  are,  gene- 
rally speaking,  biasal ;  they  give  oval  and  knotted  isochromatic  lines, 
with  tv!o  poles.     He  also  discovered  a  rule  for  tlic  tint  at  each  point 

''  Phil.  Trans.  1814. 
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in  such  caaos  ;  and  thus  explained,  so  fai  is  xn  impmcal  Ian  ot  phe 
nomena  went,  the  curious  and  various  forms  ot  the  coluied  curyes. 
Thia  law,  when  simplified  by  M.  Biot,'  made  tht,  tmt  pioportional  to 
tlie  product  of  the  diatancea  of  the  point  fiom  the  t"«o  poles.  In  the 
following  year,  Sir  J.  Hersohel  confirmoJ  this  Uw  hy  showing,  fium 
actaal  measurement,  that  the  curve  of  the  isochromatic  lines  m  thwo 
cases  was  tlie  cun'e  termed  the  lemniscata,  which  has,  foi  each  point, 
the  product  of  the  distances  from  two  fixed  poles  ei^ual  to  a  Lonbtant 
quantity/  He  also  reduced  to  rule  some  other  apparent  anomalies  in 
phenomena  of  the  same  class. 

il.  Biot,  too,  gave  a  rule  for  the  directions  of  the  planes  of  polariza- 
tion of  the  two  rays  produced  hy  douhle  refraction  in  biasal  crj'stals, 
a  circumstance  which  has  a  close  bearing  upon  the  phenomena  of 
dipolarization.  His  rule  was,  that  the  one  plane  of  polarization  bisects 
the  dihedral  angle  formed  by  the  two  planes  which  pass  through  the 
optic  axes,  and  Uiat  the  other  is  perpendicular  to  such  a  plane.  When, 
however,  Fresnel  had  discovered  from  tlie  theory  the  true  laws  of 
douhle  refraction,  it  appeared  that  the  above  rule  is  inaccurate,  althougli 
in  a  degree  which  observation  could  hardly  detect  without  the  aid  of 
theory.' 

There  were  still  other  classes  of  optical  phenomena  which  atti'acted 
notice;  especially  those  which  ace  exhibited  by  plates  of  quaita  cut 
perpendicular  to  tlie  axis.  M.  Arago  had  observed,  in  1811,  that  this 
substance  produced  a  twist  of  the  plane  of  polarization  to  the  right  or 
left  hand,  the  amount  of  this  twist  being  different  for  different  colors ; 
a  result  which  was  afterwards  traced  to  a  modification  of  light  differ- 
ent both  from  common  and  from  polarized  light,  and  subsequently 
known  as  circular  polarimtim,.  Sir  J.  Herschel  had  the  good  fortune 
and  sagacity  to  discover  that  this  peculiar  kind  of  polarization  in 
quartz  was  connected  with  an  equally  peculiar  modification  of  crystal- 
lization, the  plagikedral  feces  which  are  seen,  on  some  crystals, 
obliquely  disposed,  and,  as  it  were,  following  each  other  round  the 
crystal  from  left  to  right,  or  from  right  to  left.  Sir  J.  Herschel  found 
that  the  ripkt-handed  or  left-hayided  character  of  the  circular  polariza- 
tion corr^ponded,  in  all  cases,  to  that  of  the  crystal. 

In  1815,  M.  Biot,  in  his  researches  on  the  subject  of  circular  polari- 
zation, was  led  to  the  unexpected  and  curious  discovery,  that  this  pro- 


Mim.  Inst.  1818,  p.  192,  '  Phil.  Trans.  1819 
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pcity,  whicli  seemod  to  require  for  its  very  conception  a  crj'stalliiie 
structure  in  the  body,  belonged  nevertheless  to  several  fluids,  and  in 
different  directions  for  different  fluids.  Oil  of  turpentine,  and  an 
essential  oil  of  laurel,  gave  the  plane  of  polarization  a  rotation  to  the 
left  hand ;  oil  of  citron,  ajrup  of  angar,  and  a  solution  of  camphor, 
gave  a  rotation  to  the  right  hand.  Soon  after,  the  like  discovery  was 
made  independently  by  Dr.  Seebeck,  of  BerliE. 

It  win  easily  be  supposed  that  all  these  brilliant  phenomena  could 
not  bo  observed,  and  the  laws  of  many  of  the  phenomena  discovered, 
wittont  attempts  on  the  part  of  philosophers  to  combine  them  all 
under  the  dominion  of  some  wide  and  profound  theory.  Endeavors 
to  ascend  &om  such  knowledge  as  we  have  spoken  o^  to  the  general 
theory  of  light,  were,  in  fcict,  made  at  every  stage  of  the  snbject,  and 
with  a  success  which  at  last  won  almost  all  suffrages.  We  are  now 
arrived  at  the  point  at  which  we  are  called  upon  to  trace  the  history 
of  this  theory ;  to  pas  from  the  laws  of  phenomena  to  their  causes ; — 
from  Formal  to  Physical  Optics,  The  nndulatory  theory  of  tight,  the 
only  discovery  which  can  stand  by  the  aide  of  the  theory  of  universal 
gravitation,  as  a  docti-ine  belonging  to  tie  same  order,  for  its  gene- 
rality, its  fertility,  and  its  certainty,  may  properly  be  treated  of  with 
that  ceremony  which  we  have  hitherto  bestowed  only  on  the  great 
advances  of  astronomy ;  and  I  shall  therefore  now  proceed  to  speak  of 
the  Prelude  to  this  epoch,  the  Epoch  itself,  and  its  Sequel,  according 
to  the  form  of  the  preceding  Book  which  treats  of  astronomy. 

[2nd  Ed.]  [I  ought  to  have  stated,  in  the  beginning  of  this  chapter, 
that  Mains  discovered  the  depolarization  of  %Bhite  light  in  1811.  He 
found  that  a  pencil  of  light  which,  being  polarized,  refused  to  be 
reflected  by  a  surface  properly  placed,  reeovei'ed  its  power  of  being 
reflected  after  being  transmitted  through  certain  crystals  and  other 
transparent  bodies.  Malua  intended  to  pursue  this  subject,  when  his 
researches  were  terminated  by  his  death,  Feb.  7,  1812.  M,  Arago, 
about  the  same  time,  announced  his  important  discovery  of  the  depo- 
larization of  colors  by  crystals. 

I  may  add,  to  what  is  above  said  of  M.  Blot's  discoveries  respecting 
the  circular  polarizing  power  of  fluids,  that  ho  pnrsued  his  researches 
view  some  most  curious  relations  among  the  ele- 
It  appeared  that  certain  substances,  as  sugar  of 
ight-lianded  effect,  and  certain  other  snbatances,  aa  gum, 
a  left-handed  effect;  and  that  the  molecrfar  value  of  this  effect  was 
not  altered  by  dilution.    It  appeared  also  that  a  certain  element  of  the 
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substance  of  fruits,  wMch  had  been  supposed  to  be  gum,  and  whicb  is 
changed  into  sugar  by  the  operation  of  acids,  is  not  gum,  and  has  a 
very  energetic  right-handed  effect.  This  substance  M,  Eiot  called 
dextrine,  and  he  has  since  traced  its  effects  into  many  highly  carious 
and  important  results. 
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CHAFL'ER  X. 
PuBLruB  TO  THE  Epoch  of  Youno  ahd  Freskel. 

BY  Physical  Optica  we  mean,  as  has  already  been  stated,  tlic  theo- 
rJM  which  explain  optical  phenomena  on  mechanical  principles. 
No  such  explanation  could  be  given  till  true  mechanical  principles  had 
been  oht^ned ;  and,  accordingly,  we  must  date  the  commencement  of 
the  essays  towards  physical  optics  from  Descartes,  the  founder  of  the 
modem  mechanical  philosophy.  His  hypothesis  concerning  light  is, 
that  it  consists  of  small  particles  emitted  by  the  luminous  body.  He 
compares  these  particles  to  balls,  and  endeavors  to  explain,  by  means 
of  this  comparison,  the  laws  of  reflection  and  refraction.'  In  order  to 
account  for  the  production  of  colors  by  refraction,  ho  ascribes  to  these 
balls  an  alternating  rotatory  motion.'  This  form  of  the  emission 
theory,  was,  like  most  of  the  physical  speculations  of  its  author,  hasty 
and  gratuitous ;  bat  was  extensively  accepted,  like  the  rest  of  the  Car- 
tesian doctrines,  in  consequence  of  the  love  which  men  have  for  sweep- 
ing and  simple  dogmas,  and  deductive  reasonings  from  them.  In  a 
short  time,  however,  the  rival  optical  theorg  of  undulations  made  its 
appearance.  Hookc  in  his  Micrographia  (1664)  propounds  it,  upon 
occasion  of  his  observations,  already  noticed,  (chap,  viii,)  on  the  colors 
of  thin  plates.  He  there  asserts"  light  to  consist  in  a  "  qaick,  short, 
vibrating  motion,"  and  that  it  is  propagated  in  a  homogeneous  medium, 
in  such  a  way  that "  every  pulse  or  vibration  of  the  luminous  body  will 
generate  a  sphere,  which  will  continually  increase  and  grow  bigger, 
just  after  the  same  manner  (though  indefinitely  swifter)  as  the  waves 
or  rings  on  the  surface  of  water  do  swell  into  bi^er  and  bi^er  circles 
about  a  point  in  it.'"     He  applies  this  to  the  csplanation  of  refraction, 

'  Diopt  a.  ii.  4,  '  Meteor,  c.  viii,  6.  '  Misrographia,  p,  66. 

*  MicrograpMa,  p.  57. 
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by  supposing  that  tte  rays  in  a  denser  medium  move  more  easily,  and 
hence  that  the  pulses  become  oblique ;  a  fer  less  satisfactory  and  con- 
sistent hypothesis  than  that  of  Huyghena,  of  which  we  shall  next  have 
to  speak.  But  Hooke  has  the  merit  of  having  also  combined  with  his 
theory,  though  soraewhat  obscurely,  the  Principle  of  Interferences,  in 
the  application  which  ho  makes  of  it  to  the  colors  of  thin  plates. 
Thus'  he  supposes  the  light  to  be  reflected  at  the  first  surface  of  such 
plates ;  and  he  adds,  "  after  two  refractions  and  one  reflection  (from 
the  second  sui'face)  there  is  propagated  a  kind  of  fainter  ray,"  which 
comes  behind  the  other  reflected  pulse ;  "  so  that  hereby  (the  surfaces 
AD  and  KF  being  so  near  together  that  the  eye  cannot  discriminate 
theai  from  one),  this  compound  or  duplicated  pulse  does  produce  on 
the  retina  the  sensation  of  a  yellow."  The  reason  for  the  production 
of  this  particular  color,  in  the  ease  of  which  he  here  speaks,  depends 
on  his  views  concerning  tJie  kind  of  pulses  appropriate  to  each  color ; 
and,  for  the  same  reason,  when  the  thiclcness  is  different,  he  finds  that 
the  result  will  be  a  red  or  a  green.  This  is  a  very  remarkable  antici- 
pation of  tlie  explanation  ultimately  given  of  these  colors ;  and  we  may 
observe  that  if  Hooke  could  have  meaanred  the  thickness  of  his  thin 
pjates,  he  could  hardly  have  avoided  making  considerable  progr^s  in 
ihe  doctrine  of  interferences. 

But  the  person  who  is  generally,  and  with  justice,  looked  upon  as 
the  great  author  of  the  nndulatory  theory,  at  the  period  now  under 
notice,  is  Huygbens,  whose  Traits  de  la  Lumiere,  containing  a  deve- 
lopement  of  his  theory,  was  written  in  1678,  though  not  published  till 
1690.  In  this  work  he  maintained,  as  Hooke  had  done,  that  light 
consists  in  undulations,  and  expands  itself  spherically,  nearly  in  the 
same  manner  as  sound  does;  and  he  referred  to  the  observations  of 
Romer  on  Jupiter's  satellites,  both  to  prove  that  this  difference  takes 
.  place  succe^vely,  and  to  show  its  exceeding  swiftness.  In  order  to 
trace  the  elFeet  of  an  nndulation,  Huyghens  considers  that  every  point 
of  a  wave  diffuses  its  motion  in  all  directions  ;  and  hence  he  draws 
the  conclusion,  so  long  looked  upon  as  the  turning-point  of  the  com- 
bat between  the  rival  theories,  that  the  light  will  not  be  diffused 
beyond  the  rectilinear  space,  when  it  passes  through  an  aperture; 
"  for,"  says  he,°  "  although  the  partial  waves,  produced  by  the  particles 
a  the  aperture,  do  diffuse  themselves  beyond  the  rectilinear 
)  waves  do  not  coMur  anywhere  except  in  front  of  the 


'  MicrograpMa,  p.  66.  '  Triida  on  Optics,  p.  203 
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aperture."  He  riglitly  considers  this  observation  as  of  the  most  essen- 
tial value.  "  This,"  he  says,  "  was  not  known  by  those  who  began  to 
consider  the  waves  of  liglit,  among  whom  are  Mr.  Hoote  in  his  Micro- 
graphy, and  Father  Pardies ;  who,  in  a  treatise  of  which  he  showed 
me  a  part,  and  which  he  did  not  live  to  finish,  had  undertaken  to  prove, 
hy  these  waves,  the  effects  of  reflection  and  reflection.  But  the  prin- 
cipal foundation,  which  consists  in  the  remark  I  have  just  made,  was 
wanting  in  his  demonstrations," 

By  the  help  of  this  view,  Huyghona  gave  a  perfectly  satisfactory 
and  correct  explanation  of  the  laws  of  reflection  and  refraction  ;  and 
he  also  apphed  the  same  theory,  as  we  have  seen,  to  tiie  double  refrac- 
tion of  Iceland  spar  with  great  s^acity  and  success.  He  conceived 
that  in  this  crystal,  besides  the  spherical  waves,  there  might  he  others 
of  a  spheroidal  form,  the  a  '  f  th  pi  e  'd  being  symmetrically  dis- 
posed with  r^ard  to  the  f  f  th  h  mbohedron,  for  to  these  faces 
the  optical  phenomena  are  jmm  t  lly  latad.  He  found'  that  the 
position  of  the  refracted  j  d  t  rm  1  by  such  spheroidal  undula- 
tions, would  give  an  ohliq  f  t  hich  would  coincide  in  its 
laws  with  the  refraction  f  h  d  m  I  1  nd  spai' ;  and,  as  we  have 
stated,  this  coincidence  was  long  after  fully  confirmed  by  other 
observers. 

Since  Huyghens,  at  this  early  period,  expounded  the  undulatory 
theory  with  so  much  distinctness,  and  applied  it  with  so  much  skill,  it 
maybe  asked  why  we  do  not  hold  him  up  as  the  great  Author  of  the 
induction  of  undulations  of  light ; — the  person  who  marks  the  epoch 
of  the  theory  3  To  this  we  reply,  that  though  Huyghens  discovered 
strong  presumptions  in  fevor  of  the  undulatory  theory,  it  was  not 
eatabUghed  till  a  later  era,  when  the  fringes  of  shadows,  rightly  under- 
stood, made  the  waves  visible,  and  when  the  hypothesis  which  had 
been  assumed  to  account  for  double  refraction,  was  found  to  contain 
also  an  explanation  of  polarization.  It  is  then  that  this  theory  of  light 
assumes  its  commanding  form ;  and  the  persons  who  gave  it  this  form, 
we  must  make  the  gi-eat  names  of  our  narrative ;  without,  however, 
denying  the  genius  and  merit  of  Huyghens,  who  is,  undoubtedly,  the 
leading  character  in  the  prelude  to  the  discovery. 

The  nndulatory  theory,  from  this  time  to  our  own,  was  unfortunate 
in  its  career.  It  was  by  no  means  destitute  of  defendei?,  but  these  were 
not  experimenters ;    and  none  of  them  thought  of  applying  it  to 

'  Tracts  on  Optics,  231. 
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Grimaldi's  expoi-iments  on  fringes,  of  wliitli  we  have  spoken  a  little 
while  ago.  Ami  tho  great  authority  of  tlie  period,  Newton,  adopted 
the  opposite  hypothesis,  that  of  emission,  and  gave  it  a  currcncy 
amoiig  his  followers  which  tept  down  the  sounder  theory  for  above  a 
eentury. 

Newton's  first  disposition  appears  to  have  hceu  by  no  means  avcree 
to  the  assumption  of  an  ether  as  the  vehicle  of  Inminifevous  nndula- 
tions,  Wiea  Hooke  brought  against  his  prismatic  analysis  of  light 
some  objections,  founded  on  his  oivn  hypothetical  notions,  Newton,  in 
his  reply,  said,"  "  The  hypothesis  has  a  mnch  greater  afBnity  with  his 
own  hypothesis  than  he  seems  to  be  aware  of;  the  vibrations  of  the 
ether  being  as  useful  and  nec^ry  in  this  as  in  his."  This  was  in 
1672  ;  and  wo  might  produce,  from  Newton's  writing,  passages  of  the 
same  kind,  of  a  mnch  later  date.  Indeed  it  would  seem  that,  to  the 
last,  Newton  considered  the  assumption  of  an  ether  as  highly  probable, 
and  its  vibrations  important  parts  of  tlie  phenomena  of  hght ;  bat  he 
also  introduced  into  his  system  tte  hypothesis  of  emission,  and  having 
followed  titis  hypothesis  into  mathematical  detail,  while  he  h^  left  all 
that  concerns  the  ether  in  the  form  of  queries  and  conjectnrea,  tlie 
emission  theory  has  naturally  been  treated  as  the  leading  pait  of  his 
optical  doctrines. 

The  principal  propositions  of  the  Prindpia  which  beai'  upon  the 
question  of  optical  theory  are  those  of  the  fourteenth  Section  of  the 
first  Book,'  in  which  the  law  of  the  sines  in  refraction  is  proved  on  tJie 
hypothesis  that  tho  particles  of  bodies  act  on  light  only  at  very  small 
distances ;  aJid  the  proposition  of  the  eighth  Section  of  tho  second 
Boot;"  in  which  it  is  pretended  to  be  demonstrated  that  the  motion 
propagated  in  a  fluid  must  diverge  when  it  has  passed  through  an 
aperture.  The  former  proposition  shows  that  the  law  of  refraction, 
an  optical  truth  which  mainly  affected  the  choice  of  a  theory,  (for 
about  reflection  there  is  no  difficulty  on  any  mechanical  hypothesis,) 
follows  from  the  theory  of  emission :  the  latter  proposition  was  intended 
to  prove  the  inadmissibility  of  the  rival  hypothesis,  that  of  undulations. 
As  to  the  former  point, — the  hypothetical  explanation  of  refraction,  on 
the  assumptions  there  made, — the  conclusion  is  quite  satisfectory ;  but 
tlic  reasoning  in  the  latter  case,  (respecting  the  propagation  of  undula- 
tions,) is  certainly  inconclusive  and  vague ;  and  something  better  might 
tho  more  reasonably  have  been  expected,  since  Huyghens  had  at  least 
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endeavored  to  prove  the  opposite  proposition.  But  sapposing  we  leave 
these  properties,  tlio  rectilinear  course,  the  reflection,  and  the  refraction 
of  light,  as  protlems  in  which  neither  theovy  has  a  decided  advantage, 
what  is  the  next  material  point  ?  The  colors  of  thin  plates.  Now, 
how  does  Newton's  theory  explain  these  ?  By  a  new  and  special  sup- 
position ; — that  of  fits  of  easy  transmission  and  reflection  :  a  supposi- 
tion which,  though  it  truly  expresses  these  facts,  is  not  borne  out  hy 
any  other  phenomena.  But,  passing  over  this,  when  we  come  to  the 
peculiar  laws  of  polarization  ia  Iceland  spar,  how  do^  Newton's  meet 
this  ?  Again  by  a  special  and  new  supposition ; — that  the  rays  of  light 
have  sides.  Tims  we  find  no  fi:osh  evidence  in  favor  of  the  emission 
hypothesis  springing  out  of  the  fresh  demands  made  upon  it  It  may 
be  ui'ged,  in  reply,  that  the  same  is  true  oi  the  unduldtoiy  theory ; 
and  it  miKt  be  allowed  that,  at  the  time  of  which  wc  now  speak,  its 
superiority  in  this  respect  was  not  manifested  ;  though  Hooke,  as  we 
have  seen,  had  caught  a  glimpse  of  the  explanation,  which  this  theory 
supplies,  of  the  colors  of  thin  plates. 

At  a  later  period,  Newton  certainly  seems  to  have  been  strongly 
disinclined  to  believe  light  to  consist  in  undulations  merely.  "  Are 
not,"  he  says,  in  Question  twenty-eight  of  the  OpticJcs,  "  all  hypo- 
theses erroneous,  in  whieh  light  is  supposed  to  consist  in  pression  or 
motion  propagated  through  a  fluid  medium !"  The  arguments  which 
mcst  weighed  with  him  to  produce  this  conviction,  appear  to  have 
been  the  one  already  mentioned, — that,  on  the  undulatory  hypothesis, 
undulations  pasaing  through  an  aperture  would  be  diffused ;  and  again, 
— his  eonvittion,  that  the  properties  of  light,  developed  in  various 
optical  phenomena,  "  depend  not  upon  new  modificationa,  but  upon 
the  original  and  unchangeable  properties  of  the  rays."  (Question 
twenty-seven) 

But  yet,  e>en  in  this  state  of  his  views,  he  was  very  far  from  aban- 
doning the  machmeiy  of  vibrations  altogether.  He  is  disposed  to  use 
such  machinery  to  pioduee  his  "fits  of  easy  transmission."  lu  his 
seventeenth  Query,  he  says,"  "when  a  ray  of  light  falls  upon  the  sur- 
face of  any  pellucid  body,  and  ia  there  refracted  or  reflected;  may  not 
waves  of  vibrations  or  tremoi-s  be  thereby  excited  in  the  refracting  or 
reflecting  medium  at  the  point  of  incidence  ?  .  .  .  .  and  do  not  these 
vibrations  overtake  the  rays  of  light,  and  by  overtaking  them  succes- 
sively, do  they  not  put  them  into  the  fits  of  easy  reflection  and  easy 

"  Oplicks,  p.  ssa. 
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tianamission  deseubed  ibove  ?"  Several  of  the  otlier  queries  imply 
the  same  persuasion,  of  the  necessity  for  tlie  assumption  of  an  ether 
and  its  nbrations  And  it  might  have  been  asked,  whether  any  good 
reason  could  he  given  foi  the  hypothesis  of  an  ether  as  apart  of  the 
mechanism  of  hght,  which  would  not  be  equally  valid  in  favor  of  this 
being  the  wlwle  of  the  mechanism,  especially  if  it  could  he  shown  that 
nothing  more  was  wanted  to  produce  the  results. 

The  emission  theory  was,  however,  embraced  in  the  most  strenuous 
maimer  by  the  disciples  of  Newton,  That  propositions  existed  in  the 
Prineipia  which  proceeded  on  this  hypothesis,  was,  with  many  of 
these  persons,  ground  enough  for  adopting  the  doctrine ;  and  it  had 
aJso  the  advantage  of  being  more  ready  of  conception,  for  though  the 
propagation  of  a  wave  is  not  very  difficult  to  conceive,  at  least  by  a 
mathematician,  the  motion  of  a  particle  is  still  easier. 

On  the  other  hand,  the  undulation  theory  was  maintained  by  no  less 
a  person  than  Euler  ;  and  the  war  between  the  two  opinions  was  car- 
ried on  with  great  earnestne^.  The  aignments  on  one  side  and  on 
the  other  soon  became  trite  and  familiar,  for  no  person  explained  any 
new  class  of  facts  by  either  theory.  Thus  it  was  urged  by  Euler 
against  the  system  of  emission," — that  the  perpetual  emanation  of 
light  firom  the  sun  must  have  diminished  the  mass  ; — that  the  stream 
of  matter  thus  constantly  flowing  must  affect  the  motions  of  the 
planets  and  comets ;  that  the  rays  must  disturb  each  other ; — that  the 
passage  of  light  through  transparent  bodies  is,  on  this  system,  incon- 
ceivable :  all  such  arguments  were  answered  by  representations  of  the 
exceeding  minuteness  and  velocity  of  the  matter  of  light.  On  the 
other  hand,  there  was  urged  against  the  theory  of  waves,  the  favorite 
Newtonian  ai^unient,  that  on  this  theory  the  light  passing  through  an 
aperture  ought  to  be  diffused,  as  sound  is.  It  is  curious  that  Euler 
does  not  mate  to  this  argument  the  reply  which  Hnyghens  had  made 
before.  The  fact  really  was,  that  he  was  not  aware  of  the  true  ground 
of  the  difference  of  the  result  in  the  cases  of  sound  and  light ;  namely, 
that  any  ordinary  aperture  bears  an  immense  ratio  to  the  length  of  an 
undulation  of  light,  but  does  not  hear  a  very  great  ratio  to  the  length 
of  an  undulation  of  sound.  The  demonstrable  consequence  of  this 
difference  is,  that  light  darts  through  such  an  orifice  in  straight  rays, 
while  sound  is  diffused  iu  all  directions.  Euler,  not  perceiving  this 
difference,  rested  his  answer  mainly  upon  a  circumstance  by  no  means 

"  Fiseliei-,  iv,  4.49. 
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unimportant,  that  tlie  partitions  usually  employed  are  not  impeimeable 
to  sound,  as  opako  bodies  are  to  light.  He  observes  that  the  soBnd 
does  Eot  all  come  through  the  aperture;  for  we  hear,  though  the 
aperture  be  stopped.  These  were  the  main  original  points  of  attach 
and  defenee,  and  they  continued  nearly  the  same  for  the  whole  of  tiie 
last  century ;  the  sanie  difficulties  were  oyer  and  over  again  proposed, 
and  the  same  solutions  given,  much  in  the  manner  of  the  disputations 
of  the  schoolmen  of  the  middle  ages, 

The  struggle  being  tlius  apparently  halanced,  the  scale  vrns  natural- 
ly turned  by  the  general  ascendancy  of  the  Newtonian  doctrines  ;  and 
the  emission  tlieory  was  the  one  most  generally  adopted.  It  was  still 
more  firmly     tabl  hd  q  fthtg        llytak 

by  the  s  tfi  tvity  f  tl  !  tte  h  If  f  th  ht  th  tn  y 
for  whil       th  !!  d  to  kn     I  dg     if    pfi    1  1  ws,  th 

chemical    ff    ts    f  1    ht  t  d    d  t  d     bl        t    t  Ij 

varioiB     qui  dtlp  thhth       peso  d 

theyfou   Ul    tth  y       U     j  es    m    t       dlj  is  te    y  w  th 

the  reign    ^    h  m     1  by  ss  im       th    m  t      1  ty    t  I    ht     It 

is,  how  1        th  t  El  gs     f  th  t  bly  1 

doubtful  1  tc  hhblgtoth  ptisfhmsty  ght 
to  be  all  w  d  t       t  rf  th  th     te  ly       1     g  1      P    g  f 

duction      Ig         Itfdi  It  fi  Imb 

by  which  pdthmh        1  fmdWjf, 

therefor  11  th  hm^p  It  s,a8bl  mtoth  b 
jecis ;       d  d     tl     h  to  y    f    pt   -J  th      y  bl    L.   1 11 

arrive  at  y  1ft    e  t         ts,  of     h  ch     e  ha       o     t.  .p.aL 

"  Aa  Scheele,  Sells,  Lnvoiaier,  De  Lixo,  Riohter,  leonliordi,  Gren,  Oirtanner, 
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CHAPTER  XI. 
Epoch  op  Young  akd  l". 


rjIHE  man  whose  name  must  occupy  tlie  most  distiiiguisted  plac 


i 


tie  history  of  Physical  Optics,  in  consequence  of  what  he  did  i 


reviving  and  establishing  the  nndulatoiy  theory  of  light,  is  Dr.  Thomas 
Young.  He  was  born  in  1773,  at  Milverton  in  Somersetshire,  of 
Quater  parents  ;  and  after  distinguishing  himself  during  youth  by  the 
variety  and  accuracy  of  his  attainments,  he  settled  in  London  as  a  phy- 
sician in  1801 ;  hut  continued  to  give  much  of  his  attention  to  general 
science.  His  optical  theory,  for  a  long  time,  made  few  proselytes ; 
and  several  years  afterwards,  Auguste  Presnel,  an  eminent  French 
mattematician,  an  engineer  officer,  took  up  similar  views,  proved  their 
truth,  and  traced  their  consequences,  by  a  series  of  labors  almost  inde- 
pendent of  those  of  Dr.  Young,  It  was  not  till  the  theory  was  thus 
re-echoed  from  another  land,  that  it  was  able  to  take  any  strong  hold 
on  the  attention  of  the  countrymen  of  its  earlier  promulgator. 

The  theory  of  undulations,  like  that  of  universal  gravitation,  may 
be  divided  into  several  successive  steps  of  generalization.     In  both 
cases,  all  these  steps  were  made  by  the  same  persons ;  but  there  is  this 
difference; — all  the  parts  of  the  la\      f       '     re  1  g      't  f 
worked  out  in  one  bui'st  of  inspiration  by  t      t!  1  p  bl  h  d    t 

one  time ; — in  the  doctrine  of  light,  th  th  h  1  th  d  ff  t 
steps  of  the  advance  were  made  and  pblhdt  p  t  tm  vith 
intervals  between.     We  see  the  the  ry  n  f   m      d 

detached  portions,  before  the  widest  g      raliz  t  d  p        pi       f 

unity  are  reached  ;  we  see  the  autho      t        1  th  th    d  fS    It 

before  we  see  them  successful.     They    p[        t.        -la  Ik 

selves,  liable  to  perplexity  and  failure,       tead    f        m     b  f 
Newton  docs  in  the  history  of  Physic  1  A  t  y        tl  t  ti 

and  almost  supernatural  hero  of  a  phil     jh     1     nr 
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Tlie  main  subdivisions  of  the  great  advance  in  physical  optics,  of 
whiuh  wc  have  now  to  give  an  account,  are  the  following ; — 

1.  The  explanation  of  the  periodical  colors  of  thin  plates,  thick 
plates,  fringed  shadows,  striated  surfaces,  and  oiher  phenomena  of  the 
same  kind,  by  means  of  the  doctrine  of  the  interference  of  nndulations, 

2,  The  explanation  of  the  phenomena  of  double  refraction  by  the 
propagation  of  undulations  in  a  medium  of  which  the  optical  elaetiatj 
is  different  in  different  directions 

3.  Tlie  conception  of  polinzation  is  the  resnlt  of  the  vibiations 
being  transverse;  and  the  consequent  e\pUnation  ot  the  pioduition 
of  polarization,  and  the  necessary  connexion  betwLcn  polaiizifion  and 
double  refraction,  on  mechanical  pnnciples 

4,  The  explanation  of  the  phenomena  of  dipolai  iwa/ion,  by  mi,in5 
of  the  interference  of  the  rewlfd  jxirla  ot  the  iibiationa  ifter  double 
refraction. 

The  history  of  each  of  these  discoveiies  will  be  gncn  scpiiatcly  to 
a  certain  extent;  by  which  means  the  tmeo  ot  f  loot  iii'-ing  fiom  thpir 
combination  will  be  more  apparent. 

Sect,  2. — S^planation  of  ilie  Periodical  Colors  of  Thin  Plates  and 
Shadows  by  the  Undwlatory  Tlieory. 

The  explanation  of  peiiodical  colors  by  the  principle  of  interference  of 
vibrations,  was  the  firet  step  which  Young  made  in  his  confirmation  of 
the  nndulatory  theory.  In  a  paper  on  Sound  and  Light,  dated 
Emmanuel  College,  Cambridge,  8th  July,  l7a9,  and  read  before  the 
Royal  Society  in  January  following,  he  appears  to  incline  strongly  to 
the  Huyghenian  theory ;  not  however  offering  any  new  facts  or  calcu- 
lations in  its  favor,  but  pointing  out  the  great  difBculties  of  the  New- 
tonian hypothesis.  But  in  a  paper  read  before  the  Royal  Society, 
November  12,  1801,  he  says,"  A  further  consideration  of  the  colors  of 
thin  plates  has  converted  that  prepossession  which  I  before  entertained 
for  the  undulatory  theory  of  light,  into  a  very  strong  conviction  of  its 
truth  and  efRciency ;  a  conviction  which  has  since  been  most  strikingly 
confirmed  by  an  analysis  of  the  colors  of  striated  surfaces"  He  here 
states  the  general  principle  of  interferences  in  the  form  of  a  proposition. 
(Prop,  viii.)  "  When  two  undulations  from  different  origins  coincide 
either  perfectly  or  very  nearly  indirection,  their  joint  effect  is  a  combi- 
nation of  the  motions  belonging  to  them."  He  explains,  by  the  help 
of  this  proposition,  the  colors  which  were  observed  in  Coventry's 
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jnicroraeters,  in  wliich  instrument  linea  weve  drawn  on  glass  at  a  dis- 
tance of  l-SOOth  of  an  ineL  The  interference  of  the  undulations  of 
the  jays  reflected  from  the  two  sides  of  these  fine  lines,  produced  peri- 
odical colors.  In  the  same  manner,  he  accounts  for  the  colors  of  thin, 
plates,  by  the  interference  of  the  light  partially  reiected  from  the  two 
surfaces  of  the  plates.  We  have  already  seen  that  Hooke  had  long 
hefore  suggested  the  same  explanation ;  and  Young  says  at  the  end  of 
his  paper,  "It  was  not  till  I  had  satisfied  myself  respecting  all  these 
phenomena,  that  I  found  in  Hooke's  Microffraphia  a  passage  which 
might  have  led  me  earlier  to  a  similar  opinion,"  He  a!so  quotes  from 
Newrton  many  passages  which  assume  the  ejistenco  of  an  ether ;  of 
which,  as  we  have  already  seen,  Neivton  sii^;ests  the  necessity  in  these 
very  phenomena,  though  he  would  apply  it  in  combination  with  the 
emission  of  material  light.  In  July,  1802,  Young  explained,  on  the 
same  principle,  some  fects  in  indistinct  vision,  and  other  similar  appear- 
ances. And  in  1803,'  he  speaks  more  positively  still.  "  In  making," 
he  says,  "  some  experiments  on  the  fringes  of  colors  accompanying 
shadows,  I  have  found  so  simple  and  so  demonstrative  a  proof  of  the 
general  law  of  interference  of  two  portions  of  light,  whicli  I  have 
already  endeavored  to  cBtablisli,  that  I  thiiit  it  right  to  lay  before  the 
Eoyal  Society  a  short  statement  of  the  facts  which  appear  to  me  to  ho 
thus  decisive,"  The  two  papers  just  mentioned  certainly  ought  to 
have  convinced  all  scientific  men  of  the  truth  of  the  doctrine  tlius 
urged;  for  the  number  and  exactness  of  the  explanations  is  vciy 
remarkable.  They  include  the  colored  fringes  which  are  seen  with  the 
shadows  of  fibres ;  the  colors  produced  by  a  dew  between  two  pieces 
of  glass,  which,  according  to  the  theory,  should  appear  when  the  thick- 
ness of  the  plate  is  six  times  that  of  thin  plates,  and  which  do  so ;  the 
changes  resulting  from  the  employment  of  other  fluids  than  water ; 
the  efiect  of  inclining  the  plates ;  also  the  fringes  and  bands  which 
accompany  shadows,  the  phenomena  observed  by  Grimaldi,  Newton, 
Maraldi,  and  others,  and  hitherto  never  at  all  reduced  to  rule.  Young 
observes,  very  justly,  "whatever  may  be  thought  of  the  theory,  we 
have  got  a  simple  and  general  law  "  of  the  phenomena.  He  moreover 
calculated  the  length  of  an  undulation  from  the  measurements  of 
fidngea  of  shadows,  as  he  had  done  before  from  the  colore  of  thin 
plates ;  and  found  a  very  close  accordance  of  the  results  of  tie  various 
cases  with  one  another. 

'  Fhil.  Trans.    Memoir,  read  Nov.  2i. 
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There  is  one  difficulty,  and  ono  inaccuracy,  in  Young's  views  at 
this  period,  which  it  may  be  proper  to  note.  The  difficulty  was, 
that  he  foand  it  necessary  to  suppose  that  light,  when  reflected  at  a 
rarer  medium,  ia  retarded  by  half  an  undulation.  Tliis  assumption, 
though  often  urged  at  a  later  period  as  an  argument  against  tlie  theory, 
was  fully  justified  as  the  meohanioal  principles  of  the  subject  were 
nnfolded ;  and  the  necessity  of  it  was  clear  to  Toung  from  the  first. 
On  the  strength  of  this,  says  he,  "  I  ventured  to  predict,  that  if  the 
reflections  were  of  the  same  kind,  made  at  the  surfaces  of  a  thin  plate, 
of  a  density  intermediate  between  the  densities  of  the  mediums  sur- 
rounding it,  tlie  central  spot  would  be  white ;  and  I  have  now  the 
pleasure  of  stating,  tilrnt  I  have  fully  verified  tliis  prediction  by  inter- 
posing a  drop  of  oi!  of  sassafras  between  a  prism  of  flint-glass  and  a 

The  inaccuracy  of  his  calculations  consisted  in  his  considering  the 
external  fringe  of  shadows  to  be  produced  by  the  interference  of  a  ray 
reflected  from  the  edffe  of  the  object,  with  a  ray  which  passes  clear  of 
it;  instead  of  supposing  all  the  parts  of  the  wave  of  light  to  corrobo- 
rate or  interfere  with  one  another.  The  mathematical  treatment  of 
the  question  on  the  latter  hypothesis  was  by  no  means  easy.  Young 
was  a  mathematician  of  considerable  power  in  the  solution  of  the  pro- 
blems which  came  before  him  :  though  his  methods  possessed  none  of 
the  analytical  elegance  which,  in  his  time,  had  become  general  in 
France.  But  it  does  not  appear  that  he  ever  solved  the  problem  of 
undulations  as  applied  to  fringes,  with  its  true  conditions.  He  did, 
however,  rectify  his  conceptions  of  the  nature  of  the  interference ; 
and  we  may  add,  that  the  numerical  error  of  the  consequences  of  the 
defective  hypothesis  is  not  such  as  to  prevent  tbeir  confirming  the 
undulatory  theory,' 

But  though  this  theory  was  thus  so  powerfully  recommended  by 
experiment  and  calculation,  it  met  with  little  fiivor  in  the  scientific 
world.  Perhaps  this  will  bo  in  some  measure  accounted  for,  when  wo 
come,  in  the  nest  chapter,  to  speak  of  the  mode  of  its  reception  by 


'  I  may  inontion,  jn  addition  to  the  applioations  wBicli  Young  made  of  the 
principle  of  interfereneea,  his  Eriometer,  an  instrument  jnventad  for  the  pur- 
pose of  measuring  the  thietueas  of  the  fibres  of  wood ;  and  the  explanation  of 
the  supernnmorary  bands  of  the  rainbow,  Tiiese  esplanniiona  involve  calcu- 
lations founded  on  the  length  of  an  nndulation  of  b'gbt,  and  wore  confirmed  by 
experiment,  oa  fur  as  esperiment  went. 
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the  supposed  judges  of  science  and  letters.  Its  .autJior  went  on  labor- 
ing at  tlie  completion  and  application  of  the  theory  in  otker  parts  of 
the  subject;  but  his  extraordinary  success  in  unraTelling  the  complex 
phenomena  of  whidi  ive  have  been  speaking,  appears  to  have  excited 
none  of  the  notice  and  admiration  which  properly  belonged  to  it,  till 
Frosnel'a  Memoir  On  Siffraetimi  ivaa  delivered  to  the  Institute,  in 
October,  1816. 

MM.  Ar^o  and  Poinsot  were  commissioned  to  make  a  report  upon 
this  Memoir;  and  the  former  of  these  philosophers  tJirew  himself  upon 
the  subject  with  a  zeal  and  intelligence  ■which  peculiarly  belonged  to 
him.  He  verified  the  laws  announced  by  Fresnel;  "laws,"  he  says, 
"  which  appear  to  be  destined  to  make  an  epoch  in  science."  He  then 
cast  a  rapid  glance  at  the  history  of  the  subject,  and  recognized,  at 
once,  the  place  which  Young  occupied  in  it  Grimaldi,  Newton, 
Maraldi,  ho  states,  had  olservcd  the  facts,  and  tried  in  vain  to  reduce 
them  to  rule  or  cause.  "  Such'  was  the  state  of  our  knowledge  on  this 
difficult  question,  when  Dr.  Thomas  Young  made  the  very  remarkable 
experiment  which  is  described  in  tJic  PHlosopkieal  Transactions  for 
1803  ;"  Eamely,  that  to  obliterate  all  the  bands  within  the  shadow,  we 
need  only  stop  the  ray  which  is  going  to  graze,  or  has  grazed,  one 
border  of  the  object  To  this,  Art^o  added  the  important  observa- 
tion, that  the  same  obliteration  takes  place,  if  we  stop  the  ray,  with  a 
transparent  plate ;  except  the  plate  be  very  thin,  in  which  case  the 
bands  ai-e  displaced,  and  not  extinguished.  "Fresnel,"  says  he, 
"  guessed  the  effect  which  a  thin  plate  would  produce,  when  I  had  told 
him  of  the  effect  of  a  thick  glass."  Fr^nel  himself  declares'  that  he 
was  not,  at  the  time,  aware  of  Young's  previous  labors.  After  stating 
nearly  the  same  reasonings  concerning  fringes  which  Young  had  put 
forward  iu  1801,  he  adds,  "it  is  therefore  the  meeting,  the  actual 
crossing  of  the  rays,  which  produces  the  fringes.  This  consequence, 
which  is  only,  so  to  speak,  the  translation  of  the  phenomena,  seems  to 
me  entirely  opposed  to  the  hypjthesis  of  emi^on,  and  confirms  tlie 
system  which  mates  light  consist  in  the  vibrations  of  a  peculiar  fluid," 
And  thus  the  Principle  of  Interferences,  and  the  theory  of  undula- 
tions, so  far  as  that  principle  depends  upon  the  theory,  was  a  second 
time  established  by  Fresnel  in  France,  fouiteen  years  after  it  had  been 
discovered,   fully  proved,   and    repeatedly  published  by   Young   in 
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In  this  Memoir  of  Fresnel's,  Le  takes  very  iieai'ly  tiie  eame  courso 
as  Young  had  done ;  considering  the  interference  of  the  direct  liglit 
with  that  reflected  at  the  eiJge,  as  the  cause  of  the  external  fringes ; 
and  he  ohserves,  ttat  in  this  reflection  it  is  necessary  to  suppose  half 
an  cndulation  lost :  but  a  few  years  later,  he  considered  the  propaga- 
tion of  undulations  in  a  more  true  and  general  manner,  and  obtained 
the  solution  of  this  difBcuIty  of  the  half-undulation.  His  more  com- 
plete Memoir  on  Diffraction,  was  delivered  to  the  Institute  of  France, 
July  20,  181B  ;  and  had  the  prize  awarded  it  in  1819  :'  but  by  the 
delays  which  at  that  period  occurred  in  the  publication  of  the  Pari- 
sian Academical  Transactions,  it  was  not  published'  till  1826,  when 
the  theory  was  no  longer  generally  doubtfiil  or  unknown  in  the  scien- 
tific world.  In  this  Memoir,  Fresnel  observes,  that  we  must  consider 
the  effect  of  every  portion  of  a  wave  of  light  upon  a  distant  point, 
and  must,  on  this  principle,  find  the  illumination  produced  by  anv 
number  of  such  waves  together.  Hence,  in  general,  the  process  of 
int^ration  is  requisite ;  and  though  the  integrals  which  here  offer 
themselves  are  of  a  new  and  difficult  kind,  he  succeeded  in  making 
the  calculation  for  the  cases  in  which  he  experimented.  His  Table 
of  the  Correspondences  of  Theory  and  Observation^  is  very  remarka- 
ble for  the  closeness  of  the  agreement ;  the  errors  being  generally 
less  than  one  hundredth  of  the  whole,  in  the  distances  of  the  black 
bands.  He  justly  adds,  "  A  more  striking  agreement  conld  not  be 
expected  between  experiment  and  theory.  If  we  compare  the  small- 
nesB  of  the  differences  with,  the  extent  of  the  breadths  measured ; 
and  if  we  remark  the  great  variations  which  a  and  b  (the  distance  of 
the  object  from  the  luminons  point  and  from  the  screen)  have  received 
in  the  difi'erent  observations,  we  shall  find  it  difficult  not  to  regard  the 
integral  yhich  has  led  us  to  these  results  as  the  faithful  expression  of 
the  law  of  the  phenomena 

A  n  at!  e  nati  al  theo  y  aj  pi  d  w  th  th  s  u  ce=«,  to  a  ar  etj  of 
cases  of  verv  d  ftetent  kind's  ould  not  ow  fa  1  to  take  st  o  «  hoi  1 
of  the  attention  of  mathe  ■A  a  is  and  -icco  d  ngly  tro  n  th  t  mo 
the  lolatory  doctnne  of  diff  aet  on  1  as  bee  generally  asse  ted  to 
a  d  the  n  atbemat  oil  d  fflcultaes  h  ch  t  nvolves  ha  e  bee  dnlv 
stud    i  and  trug^    1       1 

Among  the  enarka  le  &\\\  at  ons  of  the  u  dulato  y  1  tr  e  to 
d  fl'ract  on    we    n  y    u   cc  tho  c  of  J    ei  h  F  i  ml  nfe     a  n  ith  n  at 
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cal  optician  of  Munich,  He  made  a  great  number  of  experiments  oti 
the  shadows  prodaced  by  small  holes,  and  groups  of  small  hol^  very 
near  each  other.  These  were  pablished'  in  his  New  Modifieatkins  of 
Light,  in  1823.  The  greater  part  of  this  Memoir  is  employed  in 
tracing  the  laws  of  phenomena  of  the  extremely  complex  and  splendid 
appearances  which  he  obtained ;  bnt  at  the  conclusion  he  observes, 
"  It  is  remarkable  that  the  laws  of  the  reciprocal  influence  and  of  the 
diffraction  of  the  rays,  can  be  deduced  from  the  principles  of  the 
undulatory  theory  :  knowing  the  conditions,  we  may,  by  means  of  an 
extremely  simple  eqnation,  determine  the  extent  of  a  luminous  wave  for 
each  of  the  different  colors ;  and  in  every  case,  the  calculation  corres- 
ponds with  observation."  This  mention  of  "an  extremely  simple 
equation,"  appears  to  imply  that  he  employed  only  Young's  and 
Fresnel's  earlier  mode  of  calculating  mterlerences,  by  Lontidering  two 
portions  of  light,  and  not  the  method  of  integiatjon  Both  from  the 
late  period  at  which  they  were  published,  and  from  the  absence  of 
mathematical  details,  Fraunhofer's  labors  had  not  anj  strong  mfluence 
on  the  establisliment  of  the  undulatory  theory ;  although  they  are 
excellent  verifications  of  it,  both  from  the  goodness  of  the  observa- 
tions, and  the  complexity  and  beanty  of  the  phenomena. 

We  have  now  to  consider  the  progress  of  the  undulatory  theory  in 
another  of  its  departments,  according  to  the  division  already  stated. 

Sect.  3. — Explanation  of  Double  Eefraclion  by  the  Undulatory 
Theory. 

Wb  have  traced  the  history  of  the  undulatory  theory  applied  to 
diffraction,  into  the  period  when  Young  came  to  have  Fresnel  for  his 
fellow-laborer.  Bnt  in  the  mean  time,  Young  had  considered  the 
theory  in  its  reference  to  other  phenomena,  and  especially  to  those  of 
double  refraction. 

In  this  ciBe,  indeed,  Huygtena's  explanation  of  the  facts  of  Iceland 
spar,  by  means  of  spheroidal  undulations,  was  so  complete,  and  had 
been  so  ftdly  confirmed  by  the  measurements  of  Hally  and  Wollaslon, 
that  little  remaned  to  be  done,  except  to  connect  the  Huyghenian 
hypothesis  with  the  mechanical  views  belonging  ki  the  theory,  and  to 
extend  his  law  to  other  cases.  The  former  part  of  this  task  Young 
executed,  by  remarking  that  we  may  conceive  the  elasticity  of  the 

'  in  Sthumaclici-'s  Astronomisclie  jiiAaW^wMjm,  in  French  ;  earlier  in  German. 
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ei'jstal,  ou  wliicli  the  velocity  of  propagation  of  the  liiminiforous 
undulation  depends,  to  he  different,  in  the  direction  of  the  crystaDo- 
gvaphic  axis,  and  in  the  direction  of  the  planes  at  right  angles  to  this 
axis ;  and  from  sach  a  difference,  he  deduces  the  existence  of  spheroi- 
dal undulatJona.  This  suggestion  appeared  in  the  Quarterly  Review 
for  November,  1809,  in  a  critique  upon  an  attempt  of  Laplace  to 
account  for  the  same  phenomena.  Laplace  had  proposed  to  reduce 
the  double  refraction  of  such  crystals  as  Iceland  spar,  to  his  favorite 
machinery  of  forces  which  are  sensible  at  small  distances  only.  The 
peculiar  forces  which  produce  the  effect  in  this  case,  he  conceives  to 
emanate  from  the  crystallographic  axis  :  so  that  the  velocity  of  light 
within  the  crystal  will  depend  only  on  the  situation  of  the  ray  with 
respect  to  this  axis.  But  the  establishment  of  this  condition  is,  as 
Young  observes,  the  main  difficulty  of  the  problem.  How  are  we  to 
conceive  refracting  forces,  independent  of  the  surface  of  the  refracting 
medium,  and  regulated  only  by  a  certain  internal  line  ?  Moreover,  the 
law  of  force  which  I-aplace  was  obliged  to  assume,  namely,  that  it 
varied  as  the  square  of  the  sine  of  the  angle  which  the  ray  made  with 
the  axis,  could  hardly  be  reconciled  with  mechanical  principles.  In 
the  critique  just  mentioned,  Young  appears  to  feel  that  the  undulatory 
theory,  and  perhaps  he  himself  had  not  received  justice  at  the  hands 
of  men  of  science ;  he  complains  that  a  person  so  eminent  in  the 
world  of  science  as  Laplace  then  was,  should  employ  his  influence  in 
propagating  error,  and  should  disr^rd  the  extraordinary  confirmations 
which  the  Huyghenian  theory  had  recently  received. 

The  extension  of  this  view,  of  the  different  elasticity  of  crystals  in 
t  directions,  to  other  than  uniaaal  crystals,  was  a  more  complex 
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Sec/.  4. — Mqilanntion  of  Polanzalion  by  the  Undulatory  Theory, 

Even  while  the  only  phenomena  of  polarization  which  were  known 
were  those  which  affect  the  two  images  in  Iceland  spar,  the  difficulty 
which  these  fecte  seemed  at  first  to  throw  in  the  way  of  the  undulatory 
theory  was  felt  and  acknowledged  by  Young.  Malus's  discovery  of  polai'- 
ization  by  reflection  increased  the  difficulty,  and  this  Young  did  not 
attempt  to  conceal.  In  his  review  of  the  papers  containing  this  dis- 
covery' he  says,  "  The  discovery  related  in  these  papers  appears  to  hs 
to  be  by  far  the  most  important  and  interesting  which  has  been  made  in 
France  concerning  the  properties  of  light,  at  least  since  the  time  of 
Huyghens ;  and  it  is  so  much  the  more  deserving  of  notice,  as  it  gi'eatly 
influences  the  general  balance  of  evidence  in  the  comparison  of  tho 
undulatory  and  projectile  theories  of  the  nature  of  light."  He  tlieu 
proceeds  to  point  out  the  main  features  in  this  comparison,  claiming 
justly  a  great  advantage  for  the  theory  of  undulations  on  the  two 
points  we  have  been  considering,  the  phenomena  of  diffraction  and  of 
double  refraction.  And  he  adds,  with  reference  to  the  embarrassment 
introduced  by  polarization,  that  we  are  not  to  expect  the  course  of 
scientific  discovery  to  run  smooth  and  uninterrupted ;  but  that  we  are 
to  lay  our  account  with  partial  obscurity  and  seeming  contradiction, 
which  we  may  hope  that  time  and  enlarged  research  will  dissipate. 
And  thus  he  steadfestly  held,  with  no  blind  prejudice,  but  witli 
unshaken  confidence,  his  great  philosophical  trust,  the  fortunes  of  tho 
undulatory  theory.  It  is  here,  after  the  difficulties  of  polarization  had 
come  into  view,  and  before  their  solution  had  been  discovered,  that  we 
may  place  the  darkest  time  of  the  history  of  the  theory ;  and  at  this 
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out  departing  from  the  genuine  doctrine  of  undulation,"  He  then 
proceeds  to  suggest  the  possibility  of  "a  transverse  vibration,  propa- 
gated in  iJie  direction  of  the  radius,  the  motions  of  the  particles  being 
in  a  certain  constant  direction  with  respect  to  that  radius ;  and  this," 
he  adds,  "  is  polarteattoit."  From  his  further  csplanation  of  his  views, 
it  appears  that  he  conceived  the  motions  of  the  particles  to  be  oblique 
to  the  direction  of  the  ray,  and  not  perpendicular,  as  the  theory  was 
afterwards  framed  ;  but  still,  here  was  the  essential  condition  for  the 
explanation  of  the  facts  of  polarization, — the  transverse  nature  of  the 
vibrations.  This  idea  at  once  made  it  possible  to  conceive  how  the 
rays  of  light  could  have  sides ;  for  the  direction  in  which  the  vibra- 
tion was  transverse  to  the  ray,  might  be  marked  by  peculiar  properties. 
And  after  the  idea  was  once  started,  it  was  comparatively  easy  for  men 
like  Young  and  Fresnel  to  pursue  and  modify  it  till  it  assumed  its  true 
and  distinct  form. 

We  may  judge  of  the  difficnlty  of  taking  firmly  hold  of  the  concep- 
tion of  transverse  vibrations  of  the  ether,  as  tl»ose  which  constitute 
light,  by  observing  how  long  the  great  philosophers  of  whom  we  are 
speaking  lingered  within  reach  of  it,  before  they  ventured  to  grasp  it. 
Fresnel  says,  in  1821,  "  When  M,  Arago  and  I  had  remarked  (in  1816) 
that  two  rays  polarized  at  right  angles  always  give  the  same  qnantity 
of  light  by  tlieir  union,  I  thought  this  might  be  explained  by  supposing 
the  vibrations  to  be  transverse,  and  to  be  at  right  angles  when  die  rays 
are  polarized  at  right  angles.  But  this  supposition  was  so  contrary  to 
the  received  ideas  on  the  nature  of  the  vibrations  of  elastic  fluids," 
that  Fresnel  hesitated  to  adopt  it  till  he  could  reconcile  it  better  to  his 
mechanical  notions.  "Mr.  Young,  more  bold  in  his  conjectures,  and 
less  confiding  in  the  views  of  geometers,  published  it  before  me,  though 
perhaps  he  thought  it  after  me."  And  M.  Arago  was  afterwards  wont 
to  relate'"  that  when  he  and  Fresnel  had  obtained  their  joint  experi- 
mental results  of  the  non-interference  of  oppositely-polarized  pencils, 
and  when  Fresnel  pointed  out  that  transverse  vibrations  were  the  only 
possible  translation  of  this  fact  into  the  undulatory  theory,  he  himself 
protested  that  he  had  not  courage  to  publish  such  a  conception ;  and 
accordingly,  the  second  part  of  the  Memoir  was  published  in  Fi'esnel's 
name  alone.  What  renders  this  more  remarkable  is,  that  it  occurred 
when  M.  Arago  had  in  his  possession  the  very  letter  of  Young,  in 
which  he  proposed  the  same  suggestion. 

"  I  tate  the  liberty  of  etnting  this  fram  personal  ImowleiSge. 
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Young's  fli'st  publislied  statement  of  the  doctrine  of  transverse  vibra- 
tions was  given  in  the  explanation  of  tlie  phenomena  of  dipolavization, 
of  which  we  shall  have  to  speak  in  the  next  Section.  But  the  primary 
and  immense  value  of  this  conception,  as  a  step  ia  the  progress  of  the 
undulatoiy  theory,  was  the  connexion  which  it  established  between 
polarization  and  douhle  refraction ;  for  it  held  forth  a  promise  of 
accounting  for  polarization,  if  any  conditions  could  be  found  which 
might  determine  what  was  the  direction  of  the  transverse  vibrations. 
The  analysis  of  these  conditions  is,  in  a  great  measure,  the  work  of 
Fresnel ;  a  task  performed  with  profound  philosophical  sagacity  and 
great  mathematical  skill. 

Since  the  double  refraction  of  uniaxal  crystals  could  be  explained  by 
undnlationa  of  the  form  of  a  spheroid,  it  was  perhaps  not  difficult  to 
conjecture  that  the  undulations  of  biaxal  crystals  would  be  accounted 
for  by  undulations  of  tie  form  of  an  ellipsoid,  which  differs  from  the 
spheroid  in  having  its  three  axes  unequal,  instead  of  two  only ;  and 
consequently  has  that  very  relation  to  tie  other,  in  respect  of  symme- 
try, which  the  crystalline  and  optical  phenomena  have.  Or,  again, 
instead  of  supposing  two  diflerent  degrees  of  elasticity  in  different 
directions,  we  may  suppose  three  such  different  degrees  in  directions  at 
right  angles  to  each  other.  This  kind  of  generalization  was  tolerably 
obvious  to  a  practised  mathematician. 

But  what  shall  call  into  play  all  these  elasticities  at  once,  and  pro- 
duce waves  governed  by  each  of  them  ?  And  what  shall  explain  the 
different  polarization  of  the  rays  which  these  separate  w^aves  carry  with 
them  ?  These  were  difficult  questions,  to  the  solution  of  which  mathe- 
matical  calculation  had  hitherto  been  unable  to  offer  any  aid. 

It  was  here  that  the  conception  of  transverse  vibrations  came  in, 
like  a  beam  of  sunlight,  to  disclose  the  possibility  of  a  mechanical  con- 
nexion of  aJI  these  facts.  If  transverse  vibrations,  travelling  through  a 
uniform  medium,  come  to  a  medium  not  uniform,  but  constituted  so 
that  the  elasticity  shall  be  different  in  diffewnt  directions,  in  the  man- 
ner we  have  described,  what  will  be  the  course  and  condition  of  the 
waves  in  the  second  medium !  Will  the  effects  of  snch  waves  agree 
with  the  phenomena  of  doubly-refracted  light  in  biaxal  crystals? 
Here  was  a  problem,  strikmg  to  the  mathematician  for  its  generality 
and  difficulty,  and  of  deep  interest  to  the  physical  philosopher,  because 
the  fate  of  a  great  theory  depended  upon  its  solution. 

The  solution,  obtained  by  great  mathematical  skill,  was  laid  before 
the  French  Institute  by  Fresnel  in  November,  1821,  and  was  carried 
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further  in  two  Memoirs  presented  in  1822.  Its  import  is  very  curious. 
The  undulations  which,  coming  from  a  distant  centre,  fell  upon  such  a 
medium  as  we  have  described,  are,  it  appears  from  the  principles  of 
mechanics,  propagated  in  a  manner  quite  different  from  anything 
which  had  been  anticipated.  The  "surface  of  the  waves"  (that  is,  the 
surlace  which  would  bound  undulations  divei^ing  irom  a  point),  is  a 
very  complex,  yet  symmetrical  curve  surface ;  which,  in  the  case  of 
uniaxal  crystals,  resolves  itself  into  a  sphere  and  a  spheroid;  but 
which,  in  general,  forma  a  continuous  double  envelope  of  the  central 
point  to  which  it  belongs,  intersecting  itself,  and  returning  into  itself. 
The  directions  of  the  rays  are  determined  by  this  curve  surface  in 
biaxal  crystals,  as  in  uniaxal  crystals  they  are  determined  by  the 
^here  and  the  spheroid ;  and  the  r^olt  is,  that  in  biaxal  crystals,  both 
rays  suffer  extraordinary  refraction  according  to  determinate  laws. 
And  the  positions  of  the  planes  of  polarization  of  the  two  rays  follow 
from  the  same  investigation  ;  the  plane  of  polarization  in  every  case 
being  supposed  to  be  that  which  is  perpendicular  to  the  transverae 
vibrations.  Now  it  appeared  that  the  polarization  of  the  two  rays,  tis 
determined  by  Fresnel's  theory,  would  be  in  directions,  not  indeed 
exactly  accordant  with  the  law  deduced  by  M.  Biot  from  experiment, 
but  deviating  so  little  from  those  directions,  that  there  could  be  small 
doubt  that  the  empirical  formula  was  wrong,  and  the  theoretical  one 
right. 

The  theory  was  further  confirmed  by  an  experiment  showing  that, 
in  a  biaxal  crystal  (topaz),  neither  of  the  rays  was  refracted  according 
to  the  ordinary  law,  though  it  had  hitherto  been  supposed  that  one  of 
them  was  so  ;  a  natural  inaccuracy,  since  the  error  was  small."  Thus 
this  beautiful  theory  corrected,  while  it  explained,  the  best  of  the  obser- 
vations which  had  previously  been  made  ;  and  offered  itself  to  mathe- 
maticians with  an  ahnost  irresistible  power  of  conviction.  The  explana- 
tion of  laws  so  strange  and  diverse  as  those  of  double  refraction  and 
polarization,  by  the  same  general  and  symmetrical  theory,  could  not 
result  from  anything  but  the  truth  of  the  theory 

"  Long,"  says  Fresnel,"  '  bef      I  bad      n  1  this  theory,  I  had 

convinced  myself,  by  a  pur  tempi  ti  n  f  th  itcts,  that  it  was  not 
possible  to  discover  the  tru  -pi  n  t  n  t  d  b!  fraction,  without 
explaining,  at  the  same  tim  th  [.1  n  m  na  f  p  larization,  which 
always  goes  along  with  it ;  an  I  d  n^l      t  wa,    fter  having  found 


i,  p.  26-1.        '■'SurlaDouhhSl/.MlmBst.  1826,  p.  lU. 
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what  mode  of  vibration  constituted  polarization,  that  I  cauglit  sight  of 
the  mechanical  causes  of  double  refraction." 

Having  thus  got  possession  of  the  principle  of  the  mechanism  of 
polarization,  Fresne!  proceeded  to  apply  it  to  the  other  cases  of  polar- 
ized light,  with  a  rapidity  and  sagacity  which  reminds  us  of  the  spirit 
in  whieh  Newton  traced  out  the  consequences  of  the  principle  of  uni- 
versal gravitation.  In  the  execution  of  his  task,  indeed,  Fresnel  was 
forced  upon  several  ptecarioos  assumptions,  which  make,  even  yet,  a 
wide  difference  between  the  theory  of  gravitation  and  that  of  light. 
But  the  mode  in  which  these  were  confirmed  by  experiment,  compels 
ns  to  admire  tlie  happy  apparent  boldness  of  the  calculator. 

The  subject  of  polarization  hy  rejection  was  one  of  those  which 
seemed  most  nntractable;  but,  by  means  of  various  artifices  and  con- 
jectures, it  was  broken  up  and  subdued.  Fi'esnel  began  with  the  sim- 
plest ease,  the  reflection  of  light  polarized  in  the  plane  of  reflection  ; 
which  he  solved  by  means  of  the  laws  of  colJision  of  elastic  bodies. 
He  then  took  the  efl  ton  f  I'ght  p  1  riz  d  perpendicularly  to  this 
plane ;  and  here,  aM  no-  to  the  ^  ne  al  me  hanical  principles  a  hypo- 
thetical assnmption  that  ih  o  nmun  at  on  of  the  resolved  motion 
parallel  to  the  refracting  irface  tak  place  according  to  the  laws  of 
elastic  bodies,  he  olta  ns  h  fo  n  ul  Th  se  results  were  capable  of 
comparison  with  expenn  e  t  d  the  omparison,  when  made  by  M. 
Arago,  confirmed  the  formula.  They  accounted,  too,  for  Sir  D.  Brews- 
ter's law  concerning  the  polarizing  angle  (see  Chap,  vi.) ;  and  this 
could  not  but  be  looked  upon  as  a  striking  evidence  of  their  having 
some  real  foundation.  Another  artifice  which  MM.  Fresnel  and  Arago 
employed,  in  order  to  trace  the  effect  of  reflection  upon  common  light, 
was  to  use  a  ray  polarized  in  a  plane  making  half  a  right  angle  with 
the  plane  of  reflection  ;  for  the  quantities  of  the  oppositely"  polarized 
light  in  such  an  incident  ray  are  equal,  as  they  are  in  common  light ; 
but  the  relative  qnantities  of  the  oppositely  polarized  light  in  the 
reflected  ray  are  indicated  by  the  new  plane  of  polarization ;  and  thus 
these  relative  quantities  become  known  for  the  case  of  common  light. 
The  results  thus  obtained  were  also  confirmed  by  facts;  and  in  this 
manner,  all  that  was  doubtful  in  the  process  of  Fresnel's  reasoning, 
seemed  to  be  authorized  by  its  application  to  real  cases. 

^'It  will  be  reeoUeeted  ali  along,  tli at  opposWj  polarized  rays  are  those 
■which  are  polarized  in  two  planes  perpendicular  to  each  otlier.  See  above, 
chap.  vi. 
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These  investigations  were  published"  in  1821,  In  succeedii^g  years, 
Fresnel  undertook  to  extend  the  application  of  hia  formula!  to  a  case  in 
which  they  eeased  to  have  a  meaning,  or,  in  the  language  of  mathema- 
ticians, became  imaginary  ;  namely,  to  the  case  of  int«mal  reflection 
at  the  surface  of  a  transparent  body.  It  may  seem  strange  to  those 
who  are  not  mathematicians,  but  it  is  undoubtedly  true,  that  in  many 
cases  in  which  the  solution  of  a  problem  directs  impossible  arithmetical 
or  algebraical  operations  to  be  performed,  these  directions  may  be  so 
interpreted  as  to  point  out  a  true  solation  of  the  question.  Sach  an 
interpretation  Fresnel  attempted"  in  the  case  of  which  we  now  speak; 
and  the  result  at  which  he  arrived  was,  that  the  reflection  of  light 
through  a  rhomb  of  glass  of  a  certain  form  (since  called  FresneVs 
rkomh),  would  produce  a  polai'ization  of  a  Mnd  altogether  different 
from  those  which  his  theory  had  previously  considered,  namely,  that 
kind  which  we  have  spoken  of  as  circular  polarization.  The  com- 
plete confirmation  of  this  curious  and  unexpected  result  by  trial,  is 
another  of  the  extraordinary  triumphs  which  have  distinguished  the 
history  of  the  theory  at  every  step  since  the  commencement  of  Fres- 
nel's  labors. 

But  anything  further  which  has  been  done  iu  this  way,  may  be 
treated  of  more  properly  in  relating  the  verification  of  the  theorj'. 
And  we  have  still  to  speak  of  the  most  numerous  and  varied  class  of 
jaets  to  which  rival  theories  of  light  were  applied,  and  of  the  establish- 
ment of  the  undulatory  doctrine  in  reference  to  that  department ;  I 
mean  the  phenomena  of  depolarized,  or  rather,  as  I  have  already  said, 
rfipolarized  light. 

Sect.  5, — Explanation  of  Dipolarizadon  hy  the  JJndulaim-y  Theory. 

When  Arago,  in  1811,  had  discovered  the  colors  produced  by  pola- 
rized light  passing  through  certain  crystals,"  it  was  natural  that 
attempts  should  be  made  to  reduce  tbem  to  theory.  M.  Biot,  ani- 
mated by  the  success  of  Mains  in  detecting  the  laws  of  double  refi'ac- 
tion,  and  Young,  knowing  the  tesoui-ces  of  his  own  theoiy,  were  tlie 
fli-st  persons  to  enter  upon  this  undertaking.  M.  Biot'a  theory,  though 
in  the  end  displaced  by  its  rival,  is  well  worth  notice  in  the  history  of 
Ae  subject  It  was  what  he  called  the  doctrine  of  moveable  polariza~ 
tion.     He  conceived  that  when  the  molecules  of  light  pass  through 

"  ^11,  Chim.  t,  svii  "  Sullet.  des  8(.  Feb.  1823.  "  See  chap,  is. 
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tliin  crystalline  plates,  the  plane  of  polarization  undergoes  an  oscilla- 
tion which  carries  it  backwards  and  forwards  through  a  certain  angle, 
namely,  twice  the  angle  contained  between  the  original  plane  of  pola- 
rization and  the  principal  section  of  the  crystal.  The  intervals  which 
this  oscillation  occupies  are  lengths  of  the  path  of  the  I'ay,  very  minute, 
and  different  for  different  colors,  lite  Newton's  fits  of  easy  transmis- 
sion ;  on  which  model,  indeed,  the  new  theory  was  evidently  framed." 
The  colors  produced  in  the  phenomena  of  dipolarisation  really  do 
depend,  in  a  periodical  manner,  on  the  length  of  the  path  of  the  light 
through  the  crystal,  and  a  theory  such  as  M.  Biot's  was  capable  of 
being  modified,  and  was  modified,  so  as  to  include  the  leading  features 
of  the  facta  as  then  known  ;  but  many  of  its  conditions  being  founded 
on  special  circumstances  in  the  experiments,  and  not  on  the  real  condi- 
tions of  nature,  there  were  in  it  several  incongruities,  sb  well  ^  the 
general  defect  of  its  being  an  arbitrary  and  unconnected  hypothesis. 

Young's  mode  of  accounting  for  the  brilliant  phenomena  of  dipo- 
larization  appeared  in  the  Quarterly  Review  for  1814.  After  noticing 
the  discoveries  of  MM.  Arago,  Brewster,  and  Biot,  he  adds,  "  We  have 
no  doubt  that  the  surprise  of  these  gentlemen  will  be  as  great  as  our 
own  satisfaction  in  finding  that  they  are  perfectly  reducible,  like  other 
causes  of  recurrent  colors,  to  the  general  laws  of  the  interference  of 
light  which  have  been  established  in  this  country ;"  giving  a  reference 
to  his  former  statements.  The  results  are  then  explained  by  the  inter- 
ference of  the  ordinary  and  extraordinary  ray.  But,  as  M.  Arago 
properly  observes,  in  his  account  of  this  matter,"  "  It  unist,  however, 
be  added  that  Dr.  Young  had  not  explained  either  in  what  circum- 
stances the  interference  of  the  rays  can  take  place,  nor  why  we  see  no 
colors  unless  the  crystallized  plates  are  exposed  to  light  previously 
polarized."  The  explanation  of  these  circumstances  depends  on  the 
laws  of  interference  of  polarized  light  which  MM.  Arago  and  Fresnel 
established  in  1816.  They  then  proved,  by  direct  experiment,  that 
when  polarized  light  was  treated  so  as  to  bring  into  view  the  most 
marked  phenomena  of  interference,  namely,  the  bands  of  shadows ; 
pencils  of  light  which  have  a  common  origin,  and  which  are  polarized 
in,  the  parallel  planes,  interfere  completely,  while  those  which  are 

'T  See  MM.  Arago  And  Biot's  Memoirs,  Mini.  Inst  for  1811 ;  the  wliole 
Tolumefor  1812  ia  a  Memoir  of  M.  Biot'a  {publiahed  181*);  also  Mfm.  Inst,  for 
1811;  M.  Biot's  Mam.  read  ill  leie,  published  in  lelB  and  for  ISIS. 

"  JW.  BriL  Supp.  art.  Polarkation. 
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polarized  in  opposite  (that  is,  perpendicular,)  pi  n  s  1  t  nt  f  e 
at  all."  Taking  these  principles  into  the  ac  u  t,  F  esnel  e  plainel 
very  completely,  by  means  of  the  interference  ot  u  duKt  all  the 

eircunistaiices  of  colors  produced  by  crystalliz  d  plates  show  ng  tl  o 
necessity  of  the  polarkation  in  the  first  instance,  the  d pol  ti^ng 
effect  of  the  crystal ;  and  the  office  of  the  analysing  plate,  by  ■wLich 
certain  portions  of  each  of  the  two  rays  jn.  the  crystal  are  made  to 
interfere  and  produce  color.  This  he  did,  as  he  says,"  without  being 
aware,  till  Arago  told  him,  that  Young  had,  to  some  extent,  antici- 
pated him. 

When  we  look  at  the  histoiy  of  the  emission-theory  of  light,  wo 
see  exactly  what  we  may  consider  as  tlie  natural  course  of  things  in 
the  career  of  a  false  theory.  Such  a  theory  may,  to  a  certain  extent, 
explain  the  phenomena  which  it  was  at  first  contrived  to  meet ;  but 
every  new  class  of  facta  requires  a  new  supposition, — an  addition  to 
the  machinery  ;  and  as  observation  goes  on,  these  incoherent  appen- 
d^es  accumulate,  till  they  overwhelm  and  upset  the  original  frame- 
wort.  Such  was  the  history  of  the  hypothesis  of  solid  epicycles ;  such 
has  been  tie  history  of  the  hypothesis  of  the  material  emission  of 
light.  In  its  simple  form,  it  explained  reflection  and  refraction ;  but 
the  colors  of  thin  plates  added  to  it  the  hypothesis  of  fits  of  easy 
transmission  and  reflection ;  the  phenomena  of  diffraction  further 
invested  the  particles  with  complex  hypothetical  laws  of  attraction  and 
repulsion ;  polarization  gave  them  sides ;  double  refraction  subjected 
them  to  peculiar  forces  emanating  from  the  axes  of  crystals ;  finally, 
dipolarisiation  loaded  them  with  the  complex  and  unconnected  con- 
trivance of  moveable  polarization;  and  even  when  al!  this  had  been 
assumed,  additional  mechanism  was  wanting.  There  is  here  no  unex- 
pected success,  no  happy  coincidence,  no  convergence  of  principles 
from  remote  quarters ;  the  philosopher  builds  the  machine,  but  its 
parts  do  not  fit ;  they  hold  t<:^ether  only  while  he  pre^es  them  :  this 
is  not  the  character  of  truth. 

In  the  Tindulatory  theory,  on  tlie  other  hand,  all  tends  to  unity  and 
simplicity.  We  explain  reflection  and  refraction  by  undulations  ; 
when  we  come  to  thin  plates,  the  requisite  "  fits"  are  already  involved 
in  our  fundamental  hypothesis,  for  they  are  the  length  of  an  undnla- 
tion ;  the  phenomena  of  diffraction  also  require  such  intervals ;  and 
the  intervals  thus  required  agree  exactly  with  the  others  in  magnitude, 

"  Ann.  Chim.  torn.  x.  ^  lb,  torn,  svii.  p.  402. 
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SO  ttat  no  new  property  is  needed.  Polarization  for  a  momeiit  checks 
us ;  but  not  long ;  for  the  direction  of  our  vibrations  is  hitherto  arbi- 
trary ; — Tve  allow  polarization  to  decide  it.  Having  done  tliis  for 
the  sake  of  polarization,  we  find  that  it  also  answers  an  entirely  dif- 
ferent purpose,  that  of  giving  the  Jaw  of  double  refraction.  Truth 
may  give  rise  to  such  a  coiacidence  ;  falsehood  cannot.  But  the 
phenomena  become  more  numerous,  more  various,  more  strange;  tio 
matter :  the  Theory  is  equal  to  them  all.  It  makea  not  a  single  new 
physical  hypothesis ;  hut  out  of  its  original  stock  of  principles  it 
educes  the  counterpart  of  all  that  observation  shows.  It  a<icounts  for, 
explains,  simplifies,  the  most  entangled  cases ;  corrects  known  laws 
and  iacta ;  predicts  and  discloses  unknown  ones ;  becomes  the  guide 
of  its  former  teacher,  Obsei-vation;  and,  enlightened  by  mechanical 
conceptions,  acquires  an  insight  which  pierces  through  shape  and 
color  to  force  and  cause. 

We  thus  reach  the  philosophical  moral  of  this  history,  so  important 
in  reference  to  our  purpose ;  snd  here  we  shall  close  the  account  of 
the  discovery  and  promulgation  ot  the  undulatoiy  theoij  Any 
ftirther  steps  in  its  development  and  extension,  may  with  propriety  be 
noticed  in  the  ensuing  chapter?,  respecting  its  reception  and  verihca 

[2nd  Ed.]  [In  the  Philosophy  of  the  Induetne  Saejtces,  B  \i  di 
iii.  Sect.  11, 1  have  spoken  ot  the  Comihence  of  ladiicUons  aa  one  of 
the  characters  of  a^'ieiibfic  trutli  We  have  several  stnkmg  instances 
of  snch  consilience  m  the  histoiyof  the  undulatory  theory  The  phe- 
nomena of  fringes  of  shadows  and  colored  bands  in  crystals  jump 
together  in  the  Theory  of  Vibrations.  The  phenomena  of  polarization 
and  double  refraction  jump  together  in  the  Theory  of  Crystalhne 
Vibrations.  The  phenomena  of  polarization  and  of  the  interference 
of  polarized  is,y&  jump  together  in  the  Theory  of  Transverse  Vibrations. 

The  proof  of  what  is  above  said  of  the  undulatory  theory  is  con- 
tained in  the  previous  history.  This  theory  has  "accounted  for,  ex- 
plained, and  simplified  the  most  entangled  cases ;"  as  the  cases  of  fringes 
of  shadows ;  shadows  of  gratings ;  colored  bands  in  hiaxal  crystals,  and 
in  quartz.  There  are  no  optical  phenomena  more  entangled  than  these. 
It  has  "corrected  experimental  laws,"  as  in  the  case  of  M.  Biot'a  law 
of  the  direction  of  polarization  in  biaxal  crystals.  It  has  done  this, 
"without  making  any  new  physical  hypothesis ;"  for  the  transverse 
direction  of  vibrations,  the  different  optical  elasticities  of  crystals  in 
different  directions,  and  (if  it  be  adopted)  the  hypothesis  of  finite 
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intervals  of  the  particles  (see  chap.  x.  and  hereafter,  chap,  xiii.),  are 
only  limitations  of  what  was  indefinite  in  the  earlier  form  of  the  hypo- 
thesis. And  so  iar  as  tho  properties  of  risible  radiant  light  are  con- 
cerned, I  do  not  think  it  at  all  too  much  to  say,  as  M.  Schwerd  has 
said,  that  "  the  undulation  theory  accouBts  for  the  phenomena  as  com- 
pletely as  the  theory  of  gravitation  does  for  the  facts  of  the  solar  system." 

This  we  might  say,  even  if  some  facts  were  not  yet  fully  explained ; 
for  there  were  tilt  very  lately,  if  there  are  not  stii,  such  unexplained 
facta  with  regard  to  the  theory  of  gravitation,  presented  to  lis  by  the 
solar  system.  With  regard  to  the  undulatory  theory,  these  exceptions 
are,  I  think,  disappearing  quits  as  rapidly  and  as  completely  aa  in  the 
case  of  gravitation.  It  is  to  be  ohs  d  tl  at  n  p  esan  [  t  o  i  against 
the  theory  can  with  any  show  of  r  ason  be  oUe  t  i  f  m  the  cases 
in  which  classes  of  phenomena  rem  nun  [la  I  th  th  ry  having 
never  been  applied  to  them  by  any  mathemat  an  ap  1")  of  tracing 
its  results  correctly.  The  histoiy  ot  the  theory  of  g  a  tat  on  may 
show  us  abundantly  how  necessary  tistob  nmdth  caution  ; 
and  the  results  of  the  undulatory  theory  cannot  be  traced  without  great 
mathematical  still  and  great  labor,  any  more  tJian  those  of  gravitation, 

This  remark  applies  to  such  cases  as  that  of  the  transverse  fringes 
of  grooved  surfaces.  The  general  phenomena  of  these  cases  are  per- 
fectly explained  by  the  theory.  But  there  is  an  interruption  in  the 
light  in  an  oblique  direction,  which  has  not  yet  been  explained  ;  but 
looting  at  what  has  been  done  in  other  cases,  it  is  impossible  to  doubt 
that  this  phenomenon  depends  upon  the  resulta  of  certain  integrations, 
and  would  be  explained  if  these  were  rightly  performed. 

The  phenomena  of  crystallised  surfaces,  and  especially  their  effects 
upon  the  plane  of  polarization,  were  examined  by  Sir  D,  Brewster, 
and  laws  of  the  phenomena  made  out  by  him  with  his  usual  skill 
and  sagacity.  For  a  time  these  were  unexplained  by  the  theory. 
But  recently  Mr.  Mac  Cwllagh  has  traced  the  consequences  of  the 
theory  in  this  case,"  and  obt^ned  a  law  which  repr^enta  with  much 
exactness.  Sir  D.  Brewster's  observation. 

The  phenomena  which  Sir  D.  Brewst«r,  in  1837,  called  a  new  pro- 
perty of  light,  (certain  appearances  of  the  spectrum  when  the  pupil 
of  tbe  eye  is  half  covered  with  a  thin  glass  or  crystal,)  have  been  ex- 
plained by  Mr.  Airy  in  the  Phil.  Trans,  for  1840. 

Mr.  Airy's  explanation  of  the  phenomena  termed  by  Sir  D.  Brew- 

"'  Prof,  Llojd'a  Report,  Brit.  Assoc.  18^4,  p.  S74, 
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ster  a  new  property  of  light,  is  completed  in  the  Philosophical 
Magazine  for  November,  1846.  It  is  there  shown  that  a  dependence 
of  the  breadth  of  tie  banijs  upon  the  aperture  of  the  pupil,  which 
had  been  supposed  to  result  from  the  theory,  and  which  does  not 
appeal  in  the  experiment,  did  really  result  from  certain  limited  con- 
ditions of  the  hypothesis,  which  conditions  do  not  belong  to  the 
experiment;  and  that  when  the  problem  is  solved  without  those 
limitations,  the  discrepance  of  theory  and  observation  vanishes ;  so 
that,  aa  Mr.  Airy  says,  "  this  very  remarkable  experiment,  which  long 
appeared  inexplicable,  seems  destined  to  give  one  of  the  strongest 
confirmations  to  the  TJndulatory  Theory." 

I  may  remark  also  that  there  is  no  force  in  the  objection  which  has 
been  uiged  against  the  admirers  of  the  undulatory  theory,  that  by  the 
fulness  of  their  assent  to  it,  they  discourage  further  researches  which 
may  contradict  or  confirm  it.  We  must,  in  this  point  of  view  also, 
look  at  the  course  of  the  theory  of  gravitation  and  its  results.  The 
acceptance  of  that  theoiy  did  not  prevent  mathematicians  and 
observers  fi;om  attending  to  the  apparent  exceptions,  but  on  the  con- 
trary, stimulated  them  to  calculate  and  to  observe  with  additional 
zeal,  and  still  does  so.  The  acceleration  of  the  Moon,  the  mutual 
disturbances  of  Jupiter  and  Saturn,  the  motions  of  Jupiter's  SatflUifcs, 
the  effect  of  the  Earth's  oblateness  on  the  Moon's  motion,  the  motions 
of  the  Moon  about  her  own  centre,  and  many  other  phenomena,  were 
studied  with  the  greater  attention,  hecauae  the  general  theory  was 
deemed  so  convincing  :  and  the  same  cause  makes  the  remaining  ex- 
ceptions objects  of  intenseinterestto  astronomers  and  mathematicians. 
The  mathematicians  and  optical  experimenters  who  accept  the  undn- 
latory  theory,  will  of  course  follow  out  their  conviction  in  the  same 
manner.  Accordingly,  this  has  been  done  and  is  still  doing,  as  in 
Mr.  Airy's  mathematical  investigation  of  the  effect  of  an  annular 
aperture  ;  Mr.  Eamshaw's,  of  the  effect  of  a  triangular  aperture  ;  Mr, 
Talbot's  explanation  of  the  effect  of  interposing  a  film  of  mica  be- 
tween a  part  of  the  pupil  and  the  pure  spectrum,  so  nearly  approach- 
ing to  the  phenomena  which  have  l>een  spoken  of  as  a  new  Polarity 
of  Light ;  besides  other  labors  of  eminent  mathematicians,  elsewhere 
mentioned  in  these  pages, 

The  phenomena  of  the  absorption  of  light  have  no  especial  bearing 
upon  the  undulatory  theory.  There  is  not  much  difiiculty  in  explain- 
ing the  possibility  of  absorption  upon  the  tlieory.  "When  the  light 
is  absorbed,  it  ceases  to  belong  to  the  theory. 


d  by  Google 


EPOCH   OF   YOUNG   AN"U   FEESNEL.  Ill 

For,  as  I  liave  said,  tlie  tlieoiy  professes  only  to  explain  the  plieno- 
mena  of  radiant  visible  light  We  know  very  well  that  light  has 
other  hearings  and  propei-ties.  It  produces  chemical  effects.  The 
optical  polarity  of  crystaJs  ia  connected  with  the  chemical  polarity  of 
their  constitution.  The  natural  colors  of  hodies,  too,  are  connected 
with  tteir  chemical  constitution.  Light  is  also  connected  with  heat. 
The  undaiatory  theory  does  not  undertake  to  explain  these  properties 
and  their  connexion.  If  it  did,  it  would  be  a  Theory  of  Heat  and  of 
Chemical  Composition,  as  well  aa  a  Theory  of  Light. 

Dr.  Faraday's  recent  experiments  have  shown  that  the  magnetic 
polarity  is  directly  connected  with  that  optical  polarity  by  which  the 
plane  of  polarization  ia  affected.  When  the  lines  of  magnetic  force 
pass  through  certain  transparent  bodies,  they  communicate  to  them  a 
certain  kind  of  circular  polarizing  power ;  yet  different  from  the  cir- 
cular polarizing  power  of  quartz,  and  certain  fluids  mentioned  in 
chapter  ix. 

Perhaps  I  may  be  allowed  to  refer  to  this  discovery  as  a  further 
illustration  of  the  views  I  have  offered  in  the  Philosophy  of  the  Iitr- 
ductive  Sciences  respecting  the  Connexion  of  Co-existent  Polarities. 
(B.  V.  Chap.  ii.)l 


CI-IAPTER  XIJ. 


OF  Young    and    Fresnel, 
:  Undulatoey  Theory, 


TT7HEN  Young,  in  1800,  published  his  assertion  of  the  Principle  of 
•  '  Interferences,  as  the  true  theory  of  optical  phenomena,  tho  con- 
dition of  England  was  not  very  iavorable  to  a  feir  appreciation  of  the 
value  of  the  new  opinion.  The  men  of  science  were  strongly  pre-occu- 
pied  in  favor  of  the  doctrine  of  emission,  not  only  from  a  national 
interest  in  Newton's  glory,  and  a  natural  reverence  for  his  authority, 
but  also  from  deference  towards  the  geometers  of  France,  who  were 
looked  up  to  as  our  masters  in  the  application  of  mathematics  to  phy- 
sics, and  who  were  understood  to  be  Newtonians  in  this  as  in  other 
subjects.  A  general  tendency  to  an  atomic  philosophy,  which  had 
begun  to  appear  from  the  time  of  Newton,  operated  powerfully  ;  and 
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tho  hypothesis  of  einission  was  so  easily  conceived,  tliat,  wlicn  recom- 
mended by  liigli  authority,  it  easily  became  popular ;  while  the 
hypothesis  of  luminiferous  undulations,  unavoidably  difficult  to  compre- 
hend, even,  by  the  aid  of  steady  thought,  was  neglected,  and  all  but 
forgotten. 

Yet  the  reception  which  Young's  opinions  met  with  was  more  harsh 
than  he  might  have  expected,  even  taking  into  account  all  these  con- 
siderations. But  there  was  in  England  no  visible  body  of  men,  fitted 
by  their  knowledge  and  character  to  pronounce  judgment  on  such  a 
question,  or  to  give  the  proper  impulse  and  bias  to  public  opinion. 
The  Eoyal  Society,  for  instance,  had  not,  for  a  long  time,  by  costom  or 
institution,  possessed  or  aimed  at  such  functions.  The  writers  of 
"Reviews"  alone,  self-constituted  and  secret  tribunals,  claimed  this 
kind  of  authority.  Among  these  publications,  by  far  the  most  distin- 
guished about  this  period  was  the  Edinburgh  Revkw  ;  and,  including 
among  its  contributors  men  of  eminent  science  and  great  talents, 
employing  also  a  robust  and  poignant  style  of  writing  (often  certainly 
in  a  very  un^r  manner),  it  naturally  exercised  great  influence.  On 
abstruse  doctrines,  intelligible  to  few  persons,  more  than  on  other  sub- 
jects, the  opinions  and  feelings  expressed  in  a  Review  must  be  these 
of  the  individual  reviewer.  The  criticism  on  some  of  Young's  early 
papers  on  optics  was  written  by  Mr.  (afterwards  Lord)  Brougham,  who, 
as  we  have  seen,  had  experimented  on  diffraction,  following  the  New- 
tonian view,  that  of  inflexion.  Mr,  Brougham  was  perhaps  at  this 
time  young  enough'  to  be  somewhat  intoxicated  with  the  appearance 
of  judicial  authority  in  matters  of  science,  which  his  office  of  anony- 
mous reviewer  gave  him :  and  even  in  middle-life,  he  was  sometimes 
considered  to  be  prone  to  indulge  himself  in  severe  and  sarcastic 
expressions.  In  January,  1803,  was  published"  Iiia  critique  on  Dr. 
Young's  Bakerian  Lecture,  On  the  Theory  of  lAgkt  and  Colors,  in 
which  lecture  the  doctrine  of  undulations  and  the  law  of  interferences 
was  maintained.  This  critique  was  an  uninterrupted  sti'ain  of  blame 
and  rebuke.  "This  paper,"  the  reviewer  said,  "contains  nothing  which 
deserves  the  name  either  of  experiment  or  discovery."  He  charged 
the  writer  with  "  dangerous  relaxations  of  the  principles  of  physical 
lii^ic."  "  We  wish,"  he  cried,  "  to  recal!  philosophers  to  the  strict  and 
severe  methods  of  investigation,"  describing  them  as  those  pointed  out 
by  Bacon,  Newton,  and  the  like.     Finally,  Dr.  Young's  speculations 

'  His  age  was  twcDty-foiir,  °  Edin.  Revietc,  vol.  i,  p,  450, 
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were  spoken  of  as  a  hj-potlieaia,  which  is  a  mere  work  of  fane)' ;  and 
the  critic  added,  "  we  cannot  conclude  oiir  review  without  entreating 
the  attention  of  the  Eoyal  Society,  which  has  admitted  of  late  so  many 
hasty  and  nnsubabmtial  papers  into  its  Transaetions  ;"  which  habit  he 
urged  them  to  refonii.  The  same  aversion  to  the  undalatory  theory 
appears  soon  after  in  another  article  by  the  same  reviewer,  on  the  sub- 
ject of  Wollaston'a  measures  of  the  refraction  of  Iceland  spar ;  ho  says, 
"  We  are  much  disappointed  to  find  that  so  acute  and  ingenious  an 
experimentalist  should  have  adopted  the  wild  optical  theory  of  vibra- 
tions." The  reviewer  showed  ignorance  as  well  as  prejudice  in  the 
course  of  his  remarks ;  and  Young  drew  np  an.  answer,  which  was  ably 
written,  but  being  published  separately  had  little  circulation.  We  can 
hardly  doubt  that  these  Edinburgh  reviews  had  their  effect  in  confirm- 
ing the  general  disposition  to  rqect  the  undulatoty  theory. 

We  may  add,  however,  that  Young    m.od     f  p         t   g  h      p 
was  not  the  most  likely  to  win  them  f  f     1  tl        t     1 

sonings  placed  them  out  of  the  rea  h    f  i   p  1  Is,     hi    th 

want  of  symmetry  and  system  in  his  yn  b  1     1 
them  of  attractiveness  for  the  math  m  t      n. 
very  just  criticiam  of  his  own  style  of       t    g 
of  his  works ;'  "  The  mathematical  r  as  f 

cal  symbols,  was  not  understood,  ei       by  tol 
From  a  dislike  of  the  affectation  of  al    b        1  f  n 
observed  in  some  foreign  authors,  he     as  led      t 
affectation  of  simplicity,  which  was  eq    Uy 
reader." 

Young  appears  to  have  been  awa       f  h 
power  of  drawing  public  fevor,  or  ev  b      t 

1802,  Davy  writes  to  a  friend,  "H        y 
colleague,  Dr.  Young,  on  the  undulat  f 

the  cause  of  light !    It  is  not  likely  to  b      p  p  ' 
what  has  been  awd  by  Newton  concer  t     H   ' 

flattered  if  you  could  offer  any  observations  npon  it,  whether  for  or 
agatTist  itJ"  Young  naturally  felt  confident  in  his  power  of  refliting 
objections,  and  wanted  only  the  opportunity  of  a  public  combat. 

Dr.  Brewster,  who  was,  at  this  period,  enriching  optical  knowledge 
wifJi  so  vast  a  train  of  new  phenomena  and  laws,  shared  the  general 
a  to  the  undulatory  theory,  which,  indeed,  he  hardly  overcame 

'^  See  lAfe  of  To-ung,  p.  64. 
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thirty  yeai's  later.  Dr.  Wollastoii  was  a  person  whose  cli3riw:tcr  led 
him  to  look  long  at  the  laws  of  phenomena,  before  he  attempted  to 
detennine  their  caitses;  and  it  does  not  appear  that  he  had  decided 
the  claims  of  the  rival  theories  in  his  own  mind.  Herschel  (I  now 
speak  of  the  son)  had  at  first  the  general  mathematical  prejudice  in 
favor  of  the  emission  doctrine.  Even  when  he  had  himself  studied 
and  extended  the  laws  of  dipolarized  phenomena,  he  translated  tliem 
into  the  language  of  the  theory  of  moveable  polai'iEation.  In  1819, 
he  refers  to,  and  corrects,  this  theory;  and  says,  it  is  now  "relieved 
from  every  difficulty,  and  entitled  to  rank  ivith  the  fits  of  easy  trans- 
mission and  rcfiection  as  a  general  and  simple  physical  law  ;"  a  just 
judgment,  but  one  which  now  conveys  less  of  praise  than  he  then  in- 
tended. At  a  later  period,  he  remarked  that  we  cannot  he  certain  that 
if  the  theory  of  emission  had  been  as  much  cultivated  as  that  of  undu- 
lation, it  might  not  have  been  as  successfiil ;  an  opinion  which  was 
certainly  untenable  after  the  ftir  trial  of  the  two  theories  in  the  case 
of  diiFraction,  and  extravagant  after  Fresnel's  beautiful  explanation  of 
double  refraction  and  polarization.  ^VGnmlB2l,ina  Treatise  on,  Ziffht, 
published  in  the  Enct/clopmdia  MetropoUtana,  he  gives  a  section  to  the 
calculations  of  the  Newtonian  theory;  and  appears  to  consider  the 
rivalry  of  the  theories  as  still  subsisting.  But  yet  he  there  speaks  with 
a  proper  appreciation  of  the  advantages  of  the  new  doctrine.  After 
tracing  tke  prelude  to  it,  he  says,  "  But  the  unpursued  speculations  of 
Newton,  and  the  opinions  of  Hoote,  however  distinct,  must  not  be  put 
in  competition,  and,  indeed,  ought  scarcely  to  be  mentioned,  with  the 
elegant,  simple,  and  comprehensive  theory  of  Yoang, — a  theory  which, 
if  not  founded  in  nature,  is  certdnly  one  of  the  happiest  Actions  that 
the  genius  of  man  ever  invented  to  grasp  together  natural  phenomena, 
which,  at  their  first  discoveiy,  seemed  in  iireconcileable  opposition  to 
it.  It  is,  in  fact,  in  all  its  applications  and  details,  one  succession  of 
felicilies  ;  insomuch,  that  we  may  almost  he  induced  to  say,  if  it  be 
not  trae,  it  deserves  to  be  so." 

In  France,  Young's  theory  was  little  noticed  or  known,  except  per- 
haps byM.Arago,  till  it  was  revived  by  Fresnel.  And  though  Fresnel's 
assertion  of  the  undulatory  theory  was  not  so  rudely  received  as  Young's 
had  been,  it  met  with  no  small  opposition  from  the  older  mathemati- 
cians, and  made  its  way  slowly  to  the  notice  and  comprehension  of  men 
of  science.  M.  Arago  would  perhaps  have  at  once  adopted  the  concep- 
tion of  transverse  vibrations,  when  it  was  suggested  by  his  fellow- 
laborer,  Fresnel,  if  it  had  not  been  that  he  was  a  member  of  the  Insti- 
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tut«,  and  liad  to  bear  the  bniiit  of  the  wai',  in  the  frequent  diacussious 
on  the  undulatory  tlieory  ;  to  which  theory  Laplace,  and  other  leading 
members,  were  so  vehemently  opposed,  that  they  would  not  even  listen 
with  toleration  to  the  ailments  in  its  favor.  I  do  not  know  how  far 
influences  of  this  kind  might  operate  in  producing  the  delays  which 
took  place  in  the  publication  of  Fresnel's  papei^  We  have  seen  tliat 
he  anived  at  the  conception  of  ti-ansverae  Tibrations  in  1816,  as  Uie 
true  key  fo  the  understanding  of  polarization.  In  I81T  and  1818,  in 
a  memoir  read  to  the  Institute,  he  analysed  ajid  explained  the  perplex- 
ing phenomena  of  quartz,  which  he  ascribed  to  a  circular  polai-isation. 
This  memoir  had  not  been  printed,  nor  any  extract  from  it  inserted  in 
the  scientific  journals,  in  1822,  when  he  confirmed  hia  views  by  further 
experiments,'  His  remarkable  memoir,  which  solved  the  extraordinary 
and  capital  problem  of  the  connexion  of  double  refraction  and  crystal- 
lization, though  written  in  1821,  was  not  published  till  1827.  He 
appears  by  this  time  to  have  sought  other  channels  of  publication.  In 
1823,  he  gave,'  in  the  Anrmles  de  Chimie  et  de  Physique,  an  explana- 
tion of  refraction  on  the  principles  of  the  undulatory  theory  ;  alleging, 
as  the  reason  for  doing  so,  that  the  theory  was  still  little  known.  And 
in  succeeding  years  there  appeared  in  the  same  work,  his  thooty  of  re- 
flection. His  memoir  on  this  subject  {Mentoire  sur  la  Loi  des  Modifi- 
cations que  la  Reflexion  imprime  A  la  Lumtere  Polarisee^  was  read  to 
the  Academy  of  Sciences  in  1853.  But  the  original  paper  was  mis- 
laid, and,  for  a  time,  supposed  to  be  lost ;  it  has  since  been  recovered 
among  the  papers  of  M.  Fourier,  and  printed  in  the  eleventh  volume 
of  the  Memoirs  of  the  Academy.'  Some  of  the  speculations  to  which 
he  refers,  as  communicated  to  the  Academy,  have  never  yet  appeared.' 
Still  Fresnel's  labors  were,  from  the  first,  duly  appreciated  by  some 
of  the  most  eminent  of  his  countrymen.  His  Memoir  on  Diffraction 
was,  as  we  have  seen,  crowned  in  1819  :  and,  in  1822,  a  Report  upon 
his  Memoir  on  Double  Refi'action  was  drawn  up  by  a  commission 
consisting  of  MM.  Amp&re,  Fourier,  and  Aiago.  In  this  report'  Fres- 
nel's theory  is  spoken  of  as  confirmed  by  the  most  delicate  t«sts.  The 
reporters  add,  respecting  his  "  theoretical  ideas  on  the  particular  kind 
of  undulations  which,  according  to  him,  constitute  light,"  that  "it 
would  be  impossible  for  tliem  to  pronounce  at  present  a  decided  judg- 

'  Eorsoh.  Light,  p.  539.  '  Ann.  de  CMm.  1822,  torn,  xxl  p.  33S. 

'  Lloyd.  Report  on  Optics,  p.  383.     (Fourth  Rep.  of  Brit.  Abb.) 
^  lb.  p.  816,  Tiote.  '  Ann,  Ohim.  torn.  xx.  p.  348. 
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ment,"  but  that  "  they  have  not  thought  it  right  to  delay  any  longer 
making  known  a  work  of  whicli  tie  difficulty  is  attested  by  the  fruit- 
less efforts  of  the  most  skilful  philosophers,  and  in  which  are  exhibited 
in  the  same  brilliant  degree,  the  talent  for  experiment  and  the  spirit 
of  invention." 

In  the  meantime,  however,  a  controversy  between  the  theoiy  of 
undulations  and  the  theory  of  moveable  polarization  which  M.  Blot 
had  proposed  with  a  view  of  accounting  for  the  colors  produced  by 
dipolarizing  crystals,  bad  occurred  among  the  French  men  of  Bciencc. 
It  is  clear  that  in  some  main  features  the  two  theories  coincide ;  the 
intervals  of  interference  in  the  one  theory  being  represented  by  the 
iut«iTaIs  of  the  oscillations  in  the  other.  But  these  intervals  in  M. 
Blot's  explanations  were  arbitrary  hypotheses,  suggested  by  these  very 
facts  themselves ;  in  Fresnel's  theory,  they  were  essential  parts  of  the 
general  scheme,  M.  Biot,  indeed,  does  not  appear  to  have  been 
averse  from  a  coalition ;  for  he  allowed'  to  Fresnel  that  "  the  tieory 
of  undulations  took  the  phenomena  at  a  higher  point  and  carried 
them  further."  And  M,  Biot  conld  hardly  have  dissented  fi'om  M. 
Arago'a  acconnt  of  the  matter,  that  Fresnel's  views  "  linked  togetker^"" 
the  oscillations  of  moveable  polarization.  But  Fresnel,  whose  hypo- 
thesis was  all  of  one  piece,  could  give  up  no  part  of  it,  although  he 
allowed  the  usefulness  of  M.  Biot's  formula.  Tet  M.  Blot's  specula- 
tions fell  in  better  with  the  views  of  the  leading  mathematicians  of 
Paris.  We  may  consider  as  evidence  of  tlie  favor  witli  whicli  tliey 
were  looked  upon,  the  large  space  they  occnpy  in  the  volumes  of  the 
Academy  for  1811,  1812,  1817,  and  1818.  In  1812,  the  entire  vo- 
lume is  filled  with  a  memoir  of  M.  Biot's  on  the  subject  of  moveable 
polarization.  This  doctrine  also  had  some  advantage  in  coming  early 
before  the  world  in  a  didactic  form,  in  his  Traiti  de  Physigtie,  which 
was  published  in  1816,  and  was  the  most  complete  treatise  on  general 
physics  which  had  appeared  up  to  ttat  time.  In  this  and  others  of 
this  author's  writings,  he  expresses  facts  so  entirely  in  the  terms  of  his 
own  hypothesis,  that  it  is  difficult  to  separate  the  two.  In  the  seqnel 
M.  Ai'ago  was  the  most  prominent  of  M.  Biot's  opponents ;  and  in  his 
report  upon  Fresnel's  memoir  on  the  colors  of  crystalline  plates,  he 
exposed  the  weaknesses  of  tie  theory  of  moveable  polarization  with 
some  severity.  The  details  of  this  controversy  need  not  oooiipy  us ; 
but  we  may  observe  that  this  may  be  considered  as  the  last  struggle 

'  Ann.  ddiit.  torn.  xvii.  p,  231,  '"  "  Nouuit." 


d  by  Google 


KECErTIOS    OF   THE    USDULATORY   THEORY.  117 

in  favor  of  tho  tlieoiy  of  emission  among  mathematicians  of  emi- 
nence. After  this  crisis  of  llio  war,  the  theory  of  moveable  polariza- 
tion lost  its  ground ;  and  the  explanations  of  the  nndulatory  theory, 
and  the  calculations  belonging  to  it,  being  published  in  the  AnneUes 
de  Chimie  el  de  Physique,  of  which  M.  Arago  was  one  of  the  conduct- 
ors. Boon  diffused  it  over  Europe. 

It  was  probably  in  consequence  of  the  delays  to  which  we  have 
referred,  in  the  publication  of  Fresnel's  memoii's,  that  as  late  as  De- 
comber,  1826,  the  Imperial  Academy  at  St.  Petersburg  proposed,  as 
one  of  their  prize-qnestions  for  the  two  following  years,  this, — "  To 
deliver  the  optical  system  of  waves  from  all  the  objections  which  have 
(as  it  appears)  with  justice  been  urged  against  it,  and  to  appiy  it  to 
the  polarization  and  double  refraction  of  light."  In  the  programme 
to  this  announcement,  Fresnel's  researches  on  tho  subject  are  not 
alluded  to,  though  his  memoir  on  diffraction  is  noticed ;  they  were, 
therefore,  probably  not  known  to  the  Russian  Academy. 

Young  was  always  looted  upon  as  a  person  of  marvellous  vaiiety 
of  attainments  and  extent  of  knowledge;  but  during  his  life  he 
hardly  held  that  elevated  place  among  great  discoverers  which  poste- 
rity will  probably  assign  him.  In  1802,  he  was  constituted  Foreign 
Seeretaiy  of  the  Eoyal  Society,  an  office  which  he  held  during  life ; 
in  1827  he  was  elected  one  of  the  eight  Foreign  Members  of  the  In- 
stitute of  France ;  perhaps  tho  greatest  honor  which  men  of  science 
usually  receive.  The  fortune  of  his  life  in  some  other  respects  was  of 
a  mingled  complexion.  His  profession  of  a  physician  occupied,  suffi- 
ciently to  fetter,  without  rewarding  him  ;  while  he  was  Lecturer  at  the 
Koyal  Institution,  he  was,  in  his  lectures,  too  profound  to  be  popular ; 
and  his  office  of  Superintendent  of  the  Nautiad  Almanac  subjected 
him  to  much  minute  labor,  and  many  petulant  attacks  of  pamphleteers. 
On  the  other  hand,  he  had  a  leading  part  in  the  discovery  of  the  long- 
sought  key  to  the  Egyptian  hieroglyphics ;  and  thus  the  age  which 
was  marked  by  two  great  discoveries,  one  in  science  and  one  in  litera- 
ture, owed  them  both  in  a  gi'eat  measure  to  him.  Dr.  Young  died  in 
1829,  when  he  had  scarcely  completed  his  flfty-sixth  year.  Fresnel 
was  snatched  from  science  still  more  prematurely,  dying,  in  1827,  at 
the  eaily  age  of  thirty-nine. 

We  need  not  say  that  both  these  great  philosophers  possessed,  in  an 
eminent  degree,  the  leading  eharacteristics  of  the  discoverer's  mind, 
perfect  clearness  of  view,  rich  fertility  of  invention,  and  intense  love 
of  knowledge.     Wo  cannot  read  without  great  interest  a  letter  of 
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Freanel  to  Young,"  iu  November,  1S24  :  "  For  a  long  time  that  sen- 
sibility, or  that  vanity,  which  people  call  love  of  glory,  is  much  blunted 
in  me.  I  labor  much  less  to  catch  tte  suffrages  of  the  pnblie,  ttaii  to 
obtain  an  inward  approval  which  has  always  been  the  sweetest  reward 
of  my  efforts.  Without  doubt  I  have  often  wanted  the  spur  of  vanity 
to  excite  me  to  pursue  my  researches  in  moments  of  disgust  and  dis- 
couragement. But  all  the  compliments  which  I  have  received  from 
MM.  Ate^,  De  Laplace,  or  Biot,  never  gave  me  so  much  pleasure  as 
the  discovery  of  a  theoretical  truth,  or  the  confirmation  of  a  calcula- 
tion by  experiment." 

Though  Young  and  Fresnel  were  iu  years  the  eontemporanea  of 
many  who  are  now  alive,  we  must  consider  ourselves  as  standing  to- 
wards them  in  the  relation  of  posterity.  The  Epoch  of  Induction 
in  Optics  is  past ;  we  have  now  to  trace  the  Verification  and  Applica- 
tion of  the  true  theory. 


OHAPTEB  XIIT. 

CONFIHMATION    ASD    EXTENSION    OF    THE    L'kDLT.ATORT    TiIBUHY. 

AFTER  the  undulatory  theory  had  been  developed  in  all  its  main 
features,  by  its  great  authors,  Young  and  Fresnel,  although  it 
bore  maiks  ct  truth  that  could  hardly  be  fallacious,  tliere  was  still 
here,  as  m  the  case  of  other  great  theories,  a  peiiod  in  which  difficul- 
ties wore  to  be  removed,  objections  answered,  men's  mimls  familiaiized 
to  the  nen  conceptions  thus  presented  to  them  ;  and  in  which,  also,  it 
might  reasonably  be  expected  that  the  theory  would  be  extended  to 
facts  not  at  first  inclnded  in  its  domain.  This  period  is,  indeed,  that 
in  which  we  are  living  ;  and  we  might,  perhaps  with  propriety,  avoid 
the  task  of  speaking  of  our  living  contemporaries.  But  it  would  bo 
unjust  to  the  tlieoiy  not  to  notice  some  of  the  remarkable  events, 
characteristic  of  such  a  petiod,  which  have  already  occuiTcd ;  and  this 
may  be  done  very  simply, 

"  I  was  able  to  give  this,  and  some  othei-  extraote,  from  tlie  tlien  unedited 
correspondence  of  Young  and  Fresnel,  by  the  tindnesfl  of  (the  Dean  of  Ely) 
Professor  Peacock,  of  Trinity  College,  Cambridge,  whose  Life  of  Dr.  Yonog  lins 
since  been  publbhed. 
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In  the  ease  of  tliis  great  theory,  as  in  that  of  gravitation,  by  far  the 
most  remattable  of  these  confirmatory  researches  were  conducted  by 
the  authors  of  the_  discover)-,  especially  Fresnel.  And  in  looking  at 
what  he  conceived  and  executed  for  this  pui'pose,  we  are,  it  appears  to 
me,  strongly  reminded  of  Newton,  by  the  wonderful  inventiveness  and 
sagacity  with  which  he  devised  experiments,  and  applied  to  them 
mathematical  reasonings. 

1.  Smble  Mefraetifm  of  Compressed  Glass, — One  of  these  confir- 
matory experiments  was  the  production  of  double  refraction  by  the 
compression  of  glass.  Fresnel  observes,'  that  though  Sir  D.  Brewster 
had  shown  that  glass  under  compression  produced  colors  resembling 
those  which  are  given  by  doubly-refracting  crystals,  "very  skilful 
physicists  had  not  considered  those  experiments  as  a  snfBcicnt  proof 
of  the  bifurcation  of  the  light."  In  the  hypothesis  of  moveable  pola- 
rization, it  is  added,  there  is  no  apparent  connexion  between  these 
phenomena  of  coloration  and  double  refraction;  but  on  Young's 
theory,  that  the  colors  arise  from  two  rays  which  have  traversed  the 
crystal  with  different  velocities,  it  appeara  almost  unavoidahle  to 
admit  also  a  difference  of  path  in  the  two  rays. 

"  Though,"  he  says,  "  I  had  long  since  adopted  this  opinion,  it  did 
not  appear  to  me  so  completely  demonstrated,  that  it  fraa  right  to  ne- 
glect an  experimental  verification  of  it ;"  and  therefore,  in  1819,  he 
proceeded  to  satisfy  himself  of  the  fact,  by  the  phenomena  of  difil-ae- 
tion.  The  trial  left  no  doubt  on  the  subject;  bathe  still  thought  it 
would  be  interesting  actually  to  produce  two  images  in  gl^s  by  com- 
pression ;  and  by  a  bighly-ingenious  combination,  calculated  to  exag- 
gerate the  effect  of  the  double  relraction,  which  is  very  feeble,  even 
when  the  compression  is  most  intense,  he  obtained  two  distinct 
images.  This  evidence  of  the  dependence  of  dipolarizing  structure 
upon  a  doubly-refracting  state  of  particles,  thus  excogitated  out  of  the 
general  theory,  and  verified  by  trial,  may  well  be  considered,  as  he 
says,  "  as  a  new  occasion  of  proving  the  infallibility  of  the  principle  of 


2.  Circular  Polarisation. — Fresnel  then  turned  his  attention  to 
another  set  of  experiments,  related  to  this  indeed,  but  by  a  tie  so 
recondite,  that  nothing  less  than  his  clearness  and  acuteness  of  view 
could  have  detected  any  connexion.  The  optical  properties  of  quartz 
had  been  perceived  to  be  peculiar,  from  the  period  of  the  discovery 

'  Ann.  dc  Chiin.  1S22,  torn.  zx.  p.  317. 
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of  dipolarized  colors  by  MJI.  Arago  and  Biot.  At  the  oiid  of  the 
Notice  just  quoted,  Fresnel  says,'  "  As  soon  as  my  occupations  permit 
me,  I  propose  to  employ  a  pile  of  prisms  similar  to  that  which  I  have 
described,  in  order  to  study  the  double  refraction  of  tlie  rays  which 
traverse  crystals  of  quartz  in  the  direction  of  the  axis."  He  then  ven- 
tures, without  hesitation,  to  describe  beforehand  what  the  phenomena 
will  be.  In  the  Bulletin  des  Sciences'  for  December,  1822,  it  is 
stated  that  experiment  had  confirmed  what  he  had  thus  announced. 

The  phenomena  are  those  which  have  since  been  spoken  of  as  cjVcm- 
laf  polarisation  ;  and  the  term  first  occnrs  in  this  notice.'  They  ai'e 
very  remarkable,  both  by  their  resemblances  to,  and  their  differences 
ftom,  the  phenomena  of  plane-polarized  light.  And  tJie  manner  in 
which  Fresnel  was  led  to  this  anticipation  of  the  feets  is  still  more 
remarkable  than  the  facts  themselves.  Having  ascertained  by  observar 
tion  that  two  differently- polarized  rays,  totally  leflected  at  the  internal 
surface  of  glass,  suffer  different  retardations  of  their  undulations,  he 
applied  the  formulte  which  ho  had  obtained  foi  the  polari/ing  effect  of 
reflection  to  this  case.  But  in  this  case  the  foimulre  expressed  an 
impossibility;  yet  as  algebraical  formulse,  even  in  such  cases,  ha\e 
often  some  meaning,  "  I  interpreted,"  he  says,'  "  m  the  manner  which 
appealed  to  me  mtst  natural  and  most  probable,  what  the  analysis 
indicated  by  tliis  imaginary  form ;"  and  by  such  an  intoipretation  he 
collected  the  law  of  the  difference  of  undulation  ot  the  tno  lays.  He 
was  thus  able  to  predict  that  by  two  internal  reflections  in  a  rhomb, 
or  parallelepiped  of  glass,  of  a  certain  form  and  position,  a  polarized 
ray  would  aequire  a  circular  undulation  of  its  particles;  and  this  con- 
stitution of  the  ray,  it  appeared,  by  reasoning  further,  would  show 
itself  by  its  possessing  pecuiiai;  properties,  partly  the  same  as  those  of 
polarized  light,  and  partly  different  This  extraordinary  anticipation 
was  exactly  confirmed;  and  thus  the  apparently  bold  and  strange 
guess  of  the  author  was  fully  justified,  or  at  least  assented  to,  even  by 
the  most  cautions  philosophers.  "  As  I  cannot  appreciate  the  mathe- 
matical evidence  for  the  nature  of  circular  polarization,"  says  Prof. 
Airy,'  "I  shall  mention  the  experimental  evidence  on  which  I  receive 
it"     The  conception  has  since  been  universally  adopted. 

But  Fresnel,  having  thus  obtained  circularly-polarized  rays,  saw 

'  lb.  Ann.  de  Chim.  1822,  torn.  sx.  p.  191.  '  lb.  p.  194. 

*  Bvllet.  des  Sc.  1823,  p.  SS.  '  Camb.  Trans.  toI,  iv.  p.  81,  1831. 
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that  liQ  eotild  account  for  tlie  phenomena  of  quaitz,  already  observed 
by  M.  Arago,  as  we  have  noticed  in  Chap,  ix.,  by  supposing  two  circu- 
larly-polarized rays  to  pass,  with  different  veloeities,  aloEg  the  axis. 
The  curious  succession  of  colors,  following  each  other  in  right-handed 
or  left-handed  circular  order,  of  which  we  have  already  spoken,  might 
thus  be  hypothetically  explained. 

But  was  this  hypothesis  of  two  circularly-polarized  rays,  travelling 
along  the  axis  of  stich  ciystals,  to  be  received,  merely  because  it 
acconnted  for  the  phenomena  I  Fresnel's  ingenuity  again  enabled  him 
to  avoid  such  a  defect  in  theorizing.  If  them  were  two  such  rays, 
they  might  be  visibly  separated'  by  the  same  artifiee,  of  a  pile  of 
prisms  properly  achromatized,  which  he  had  used  for  compressed  glass. 
The  result  was,  that  he  did  obtain  a  visible  separation  of  the  rays ; 
and  this  result  has  since  been  eonflrmed  by  others,  for  instance,  Pro- 
fessor Airy."  The  rays  were  found  to  be  in  all  respects  identical  with 
the  circularly-polarized  rays  produced  by  the  internal  reflections  in 
Fresnel's  rhomb.  This  kind  of  double  refraction  gave  a  hypothetical 
explanation  of  the  laws  which  M.  Biot  had  obtained  for  the  phenomena 
of  this  class ;  for  example,"  the  rule,  that  the  deviation  of  the  plane  of 
polarization  of  the  emergent  ray  is  inversely  as  the  square  of  the  length 
of  an  undulation  for  each  kind  of  rays.  And  thus  the  phenomena 
produced  by  light  passing  along  the  axis  of  quaitz  were  reduced  into 
complete  conformity  with  the  theory. 

[2nd  Ed,]  [I  believe,  however,  Fresnel  did  not  deduce  the  pheno- 
menon from  tlie  mathematical  formula,  without  the  previous  su^cs- 
tion  of  experiment.  He  observed  appearances  which  implied  a  differ- 
ence of  retardation  in  the  two  differently-polarized  rays  at  total  reflee- 
tdon;  as  Sir  D.  Brewster  observed  in  reflection  of  metals  phenomena 
having  a  like  character.  The  general  fact  being  observed,  Fresnel 
used  the  theoiy  to  discover  the  law  of  this  retardation,  and  to  deter- 
mine a  construction  in  which,  one  ray  being  a  quarter  of  an  nndula- 
tion  retarded  more  than  the  other,  circular  polarization  would  be  pro- 
duced. And  this  anticipation  was  verified  by  the  construction  of  his 
rhomb. 

Asi  a  stall  more  curious  verification  of  this  law,  another  of  Fresnel's 
experiments  may  be  mentioned.  He  fonnd  the  proper  angles  for  a 
cireularly-pol arizing  gla^  rhomb  on  the  supposition  that  there  were 


'  Bull,  des  Sc.  1822,  p.  193.  =  Comhnd^e  Tram. 

'  Bull,  des  So.  1822,  p.  191. 
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f<mr  iiiteTnal  reflections  instead  of  two;  two  of  the  four  taking  place 
when  the  aurfece  of  the  glass  was  diy,  and  two  when  it  was  wet.  The 
rhomb  was  made  ;  and  when  all  the  points  of  reflection  were  dry,  the 
light  was  not  circularly  polarized ;  when  two  points  were  wet,  the 
light  was  circularly  polarized  ;  and  when  all  four  were  wet,  it  was  not 
circularly  polarized.] 

3.  Slliptical  Polarieatton  in  Quartz, — We  now  come  to  one  of  the 
few  additions  to  Fresnol's  theory  which  have  been  shown  to  be  neces- 
sary. He  had  accounted  fully  for  the  colors  produced  by  the  rays 
which  travel  alm-c/  the  axis  of  quartz  crystals ;  and  thus,  for  the  co- 
lors and  changes  of  the  central  spot  which  is  produced  when  polar- 
ized light  passes  through  a  transverse  plate  of  such  crystals.  But  this 
central  spot  is  surrounded  by  rings  of  colors.  How  is  the  theory  to 
be  extended  t«  these  ? 

This  extension  has  been  successfully  made  by  Professor  Airy." 
His  hypothesis  is,  that  as  rays  passing  along  the  axis  of  a  qnartz  crys- 
tal are  circularly  polarized,  rays  which  a,K  oblique  to  tlie  axis  are 
elliptically  polarized,  the  amount  of  ellipticity  depending,  in  some 
unknown  manner,  upon  the  obliquity  ;  and  that  each  ray  is  separated 
by  double  refraction  into  two  rays  polarized  elliptically;  the  one 
right-handed,  the  other  left-handed.  By  means  of  these  suppositions, 
he  not  only  was  enabled  to  account  for  the  simple  phenomena  of  sin- 
gle plates  of  quartz ;  but  for  many  most  complex  and  intricate  appear- 
ances which  arise  from  the  superposition  of  two  plates,  and  which  at 
first  sight  might  appear  to  defy  all  attempts  to  reduce  them  to  law 
and  symmetry  ;  such  as  spirals,  curves  approaching  to  a  square  form, 
curves  broken  in  four  places.  "  I  can  hardly  imagine,"  he  says,"  very 
naturally,  "  that  any  other  supposition  would  represent  the  phenomena 
to  such  extreme  accuracy.  I  am  not  so  much  struct  with  the  ac- 
counting for  the  continued  dilatation  of  circles,  and  the  general  repre- 
sentation of  the  forms  of  spirals,  as  with  the  explanations  of  the  minute 
deviations  from  symmetry;  as  when  circles  become  almost  square, 
and  crosses  are  inclined  to  the  plane  of  polaiization.  And  I  believe 
that  any  one  who  shall  follow  my  investigation,  and  imitate  my  expe- 
riments, will  be  surprised  at  their  perfect  agreement." 

4.  Differential  £!quations  of  Mliplieal  Polarization. — Although 
circular  and  elliptical  polarization  can  be  clearly  conceived,  and  their 
existence,  it  would  seem,  irresistibly  established  by  the  phenomena,  it 

1°  Camh.  Trans,  iv.  p.  83,  Ae.  "  Oamb.  Trans,  iv,  p.  122. 
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is  extremely  difficult  to  conceive  any  arrangement  of  the  particleg  of 
todies  by  which  such  motions  can  mechanically  be  produced ;  and 
this  difficulty  is  the  greater,  because  some  fluids  and  some  gases 
impress  a  circular  polarization  upon  light ;  in  which  cases  we  cannot 
imagine  any  definite  arrangement  of  the  particles,  such  as  might  form 
the  mechanism  requisite  for  the  purpose.  Accordingly,  it  does  not 
appear  that  any  one  has  been  able  to  suggest  even  a  plausible  hypo- 
thesis on  that  subject.  Yet,  even  here,  something  has  been  done. 
Professor  Mac  Cullf^h,  of  Dublin,  has  discovered  that  by  slightly 
modifying  the  analytical  expressions  resulting  from  the  common  case 
of  the  propagation  of  light,  we  may  obtain  other  expressions  wliich 
would  give  rise  to  such  motions  as  produce  circular  and  elliptical 
polarization.  And  though  we  cannot  as  yet  assign  the  mechanical 
interpretation  of  the  language  of  analysis  thus  generalized,  this  gene- 
ralization brings  together  and  explains  by  one  common  numerical  sup- 
position, two  distinct  classes  of  facts ; — a  circumstance  which,  in  all 
cases,  entitles  an  hypothesis  to  a  very  favorable  consideration. 

Mr.  Mac  Cullagh's  assumption  consists  in  adding  to  the  two  equations 
of  motion  which  are  expressed  by  means  of  second  differentials,  two 
other  terms  involving  thiid.  differentials  in  a  simple  and  sjrmmetrical 
manner.  In  doing  this,  he  introduces  a  coefficient,  of  which  the 
magnitude  detei-mines  both  the  amount  of  rotation  of  the  polarization 
of  a  ray  passing  along  the  axis,  as  observed  and  measured  by  Blot, 
and  the  ellipticity  of  the  polarization  of  a  ray  which  is  oblique  to  the 
axis,  according  to  Mr.  Airy's  theory,  of  which  ellipticity  that  philoso- 
pher also  had  obtained  certain  measures.  The  agreement  between 
the  two  seta  of  measures"  thus  brought  into  connexion  is  such  as  very 
strikingly  to  confirm  Mr.  Mac  Cullagh's  hypothesis.  It  appears  pro- 
bable, too,  that  the  confirmation  of  this  hypothesis  involves,  although 
in  an  obscure  and  oracular  form,  a  confirmation  of  the  undulatory 
theory,  which  is  the  starting-point  of  this  curious  speculation. 

5.  Elliptical  Polarization  of  Metals. — The  effect  of  metals  upon 
the  light  which  they  refiect,  was  tnowu  from  the  first  to  be  different 
from  that  which  transparent  bodies  produce.  Sir  David  Brewster, 
who  has  recently  examined  this  subject  very  fully,"  has  described 
the  modification  thus  produced,  as  elliptic  polarization.  In  employing 
this  term,  "he  seems  to  have  been  led,"  it  has  been  observed,"  "by  a 

"Royal  I.  A-Tram.  1836.  '=  W«/.  Trans.  ]830. 

"  Lloyd,  Report  on  Optics,  p.  312.     (Brit.  Assoc.) 
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Uesire  to  avoid  as  much  as  possible  all  rcferoiice  to  tlieoiy.  The  laws 
whicb  he  has  obtained,  however,  belong  to  elliptically-polavized  light 
ill  the  sense  in  which  the  term  was  introduced  by  Freanel."  And  the 
identity  of  the  light  produced  by  metallic  reflection  with  the  elliptic- 
ally-polarized  light  of  the  wave-theory,  is  placed  bej'ond  all  donbt,  by 
an  observation  of  Professor  Airy,  that  the  rings  of  uniaxal  ciystals, 
produced  by  Fresnel's  elliptically-polarized  light,  are  exactly  the  same 
as  those  produced  by  Brewster's  metallic  light. 

6.  JSfewtoTCa  Rings  hy  Polarised  lAffkL—Othev  modifications  of  the 
phenomena  of  thin  plates  by  the  use  of  polarized  light,  supplied  other 
striking  confirinatious  of  the  theory.  These  were  in  one  case  the 
more  remarkable,  since  the  result  was  foreseen  by  means  of  a  rigorous 
appbcation  of  the  conception  of  tbo  vibratory  motion  of  light,  and 
confirmed  by  experiment.  Professor  Airy,  of  Cambridge,  was  led  by 
his  reasonings  to  see,  that  if  Newton's  rings  are  produced  between  a 
lens  and  a  plate  of  metal,  by  polarized  light,  then,  np  to  the  polarizing 
angle,  the  central  spot  will  be  black,  and  instantly  beyond  tliis,  it  will 
be  white.  In  a  not*,"  in  which  he  announced  this,  he  says,  "  This  I 
anticipated  from  Fresnel's  expressions ;  it  is  conflmmtoiy  of  them, 
and  defies  emission."  He  also  predicted  that  when  the  rings  were 
produced  between  two  substances  of  very  different  refractive  powers, 
the  centre  would  twice  pass  from  black  to  white  and  from  white  to 
black,  by  increasing  the  angle ;  which  anticipation  was  fulfilled  by 
using  a  diamond  for  the  higher  refraction." 

1.  Conical  BefracHon. — In  the  same  manner,  Professor  Hamilton 
of  Dublin  pointed  out  that  according  to  the  Fresnelian  doctrine  of 
double  refraction,  there  is  a  certain  direction  of  a  crystal  in  which  a 
single  ray  of  light  will  be  refracted  so  as  to  form  a  conical  pencil. 
For  the  direction  of  the  refracted  ray  is  determined  by  a  plane  which 
touches  the  wave  surface,  the  rule  being  that  the  ray  must  pass  from 
tiiei  centre  of  the  surface  to  the  point  of  contact ;  and  though  in 
general  tiiis  contact  gives  a  single  point  only,  it  so  happens,  from  tJie 
peculiar  inflected  form  of  the  wave  surface,  which  has  what  is  called 
a  cusp,  that  in  one  particular  position,  the  plane  can  touch  the  surface 
in  an  entire  circle.    Thus  the  general  rale  which  assigns  the  path  of 


"  Addressed  to  myself,  doted  May  28,  18S1.  I  onglit,  however,  to  notice, 
th«t  this  experiment  lad  been  made  by  M.  Arago,  fifteen  years  earlier,  and 
pnblislied;  tliougli  nut  then  recollected  by  Mr.  Airy. 

"  Camb.  Tram.  vol.  ii.  p,  409. 
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the  refracted  ray,  would,  in  this  case,  guide  it  from  the  centre  of  tlie 
surfece  to  every  poiut  in  the  circumference  of  the  circle,  and  thus  make 
it  a  cone.  This  very  curious  and  unexpected  resnlt,  which  Professor 
Hamilton  thus  obtained  from  the  theory,  his  fi'iend  Professor  Lloyd 
verified  as  an  experimental  fact  We  may  notice,  also,  that  Professor 
Lloyd  found  the  light  of  the  conical  pencil  to  be  polarized  according 
to  a  law  of  an  unusual  kind  ;  hat  one  which  was  easily  seen  to  be  in 
complete  accordance  with  the  theory. 

8.  Fringes  of  Shadows. — The  phenomena  of  the  fringes  of  sJia- 
dows  of  small  holes  and  groups  of  holes,  which  had  been  the  subject 
of  experiment  by  Fraunhofer,  were  at  a  later  period  cai-efully  observed 
in  a  vast  variety  of  cases  by  M.  Schwerd  of  Spires,  and  published  in  a 
separate  work,  "  Beugung»-ersc1mnungen  (Phenomena  of  Inflection), 
1836.  In  this  Treatise,  the  author  has  with  great  industry  and  skill 
calculated  the  integrals  which,  as  we  have  seen,  are  rec[uisite  in  order 
to  trace  tlie  consequences  of  the  theoiy ;  and  the  accordance  which 
he  finds  between  these  and  the  varied  and  brilliant  resulte  of  observa- 
tion is  throughout  exact.  "  I  shall,"  says  he,  in  the  pretace  "  "  proi  <- 
by  the  present  Treatise,  that  all  infiection-phenomen%  through  open 
ings  of  any  form,  size,  and  arrangement,  are  not  onlj  eiiplaraed  by  the 
undulation-theory,  but  that  they  can  bo  represented  by  analytical  e\ 
preasions,  determining  the  intensity  of  the  light  m  any  pomt  whit 
ever."  And  he  jastly  adds,  that  the  undulation  tlteory  accounts  foi 
the  phenomena  of  light,  as  completely  as  the  theory  of  gravitation 
does  for  the  facts  of  the  solar  system. 

9.  Oljeetions  to  the  Theory, — We  have  hitherto  muntioned  only 
cases  in  which  the  nndulatory  theory  was  eithei  entirely  succe-sful  in 
explaining  the  facts,  or  at  least  hypothetically  consistent  with  them  and 
with  itself.  But  other  objections  were  started,  and  some  difficulties 
were  long  considered  as  very  embarrassing.  Objections  were  made  to 
the  theory  by  some  English  experimenters,  as  Mr,  Potter,  Mr.  Barton, 
and  others.  These  appeared  in  scientific  journals,  and  were  afterwards 
answered  in  similar  publications.  The  objections  depended  partly  on 
the  measure  of  the  intensitt/  of  light  in  the  different  points  of  the 
phenomena  (a  datum  which  it  is  veiy  difBcoIt  to  obtain  with  accuracy 


"  Die  BeugimffS-ericheimmgen,  «mb  dent  Pandamental-gesets  der  Undtilatioitt- 
7%eorie  analytUeh  enlmekelt  wid  in  Bitdera  dargestellt,  von  F.  M.  Sehwerd. 
Mannheim,  1835, 

'*  Dflted  Speyer,  Aug,  1835. 
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by  experiment),  and  partly  on  misconceptions  of  the  tlieory ;  and  I 
believe  tiero  are  none  of  them  which  would  now  be  insisted  on. 

We  may  mention,  also,  another  difficulty,  which,  it  was  the 
habit  of  the  opponents  of  the  theory  to  urge  as  a  reproach  against 
it,  long  after  it  had  been  satisfactorily  explained :  I  mean  the  half- 
undulation  which  Young  and  Fresnel  had  found  it  necessary,  in 
aome  cases,  to  assume  as  gained  or  lost  by  one  of  the  rays.  Though 
they  and  their  followera  could  not  analyse  the  mechanism  of  reflection 
with  sufficient  exactness  to  trace  out  all  the  circumstances,  it  was  not 
difficult  to  see,  upon  Fresnel's  principles,  that  reflection  fimn  the  inte- 
rior and  exterior  surface  of  glass  must  be  of  opposite  kinds,  which 
might  be  expressed  by  supposing  one  of  these  rays  to  lose  half  an 
undulation.  And  thus  there  came  into  view  a  justification  of  the  step 
which  had  originally  been  taken  upon  empirical  grounds  alone. 

10.  IHspersion,  on  the  UnduUttory  Theory. — A  difficulty  of  another 
kind  occiffiioned  a  more  serious  and  protracted  embarrassment  to  the 
cultivators  of  this  theory.  This  was  the  apparent  impossibility  of 
accounting,  on  the  theory,  for  the  prismatic  dispersion  of  color.  For 
it  had  been  shown  by  Newton  that  the  amoimt  of  refraetion  is  dif- 
ferent for  every  color ;  and  the  amount  of  refraction  depends  on  the 
velocity  with  which  light  is  propagated.  Yet  the  theory  sugg^ted  no 
reason  why  the  velocity  should  be  different  for  different  colors  :  for,  by 
mathematical  calculation,  vibrations  of  all  degrees  of  rapidity  (in 
which  alone  colors  differ)  are  propagated  with  the  same  speed.  Nor 
does  analogy  lead  us  to  expect  this  variety.  There  is  no  sneh  dif- 
ference between  quick  and  slow  waves  of  air.  The  sounds  of  the 
deepest  and  the  highest  bells  of  a  peal  are  heard  at  any  distance  in 
the  same  ordw.     Here,  therefore,  the  theory  was  at  fault. 

But  this  defect  was  far  from  being  a  fatal  one.  For  though  the 
theory  did  not  explain,  it  did  not  contradict,  dispersion.  The  suppo- 
sitions on  which  the  calculations  had  been  conducted,  and  the  anal<^ 
of  sound,  were  obvionsly  in  no  small  degree  precarious.  The  velocity 
of  propagation  might  differ  for  different  rates  of  undulation,  in  viitue 
of  many  canses  which  would  not  affect  the  general  theoretical 
results. 

Many  such  hypothetical  causes  were  su^ested  by  various  eminent 
mathematicians,  as  solutions  of  this  conspicuous  difficulty.  But  with- 
out dwelling  upon  these  conjectures,  it  may  suffice  to  notice  that 
hypothesis  npon  which  the  attention  of  mathematicians  was  soon  con- 
This  was  the  hypothesis  of  finite  intervals  between   the 
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particles  of  the  etliev.  The  length  of  one  of  those  undulations  which 
produce  light,  is  a  vetj'  small  ijuantity,  its  mean  value  being  l-50,000t]» 
of  an  inch ;  bnt  in  the  previous  investigations  of  the  consequences  of 
the  theory,  it  had  been  assumed  that  the  distance  from  each  other,  of 
the  particles  of  the  ether,  which,  by  their  attractions  or .  repulsions, 
caused  the  undulations  to  be  propagated,  is  indefinitely  less  than  this 
small  quantity  ; — so  that  its  amount  might  be  neglected  in  the  cases 
in  which  the  length  of  the  undulation  was  one  of  the  quantities  which 
determined  the  result.  But  this  assumption  was  made  arbitraiily,  aa  a 
step  of  simplification,  and  because  it  was  imagined  that,  in  this  way,  a 
nearer  approach  was  made  to  the  case  of  a  continuous  fluid  ether, 
which  the  supposition  of  distinct  particles  imperfectly  represented.  It 
was  still  fi'ee  for  mathematicians  to  proceed  upon  the  opposite  assump- 
tion, of  particles  of  which  the  distances  were  finite,  either  as  a  mathe- 
matical basis  of  calculation,  or  as  a  physical  hypothesis ;  and  it 
remained  to  be  seen  ii^  when  this  was  done,  the  velocity  of  light  would 
still  be  the  same  for  different  lengths  of  undulation,  that  is,  for  different 
colors.  M.  Cauchy,  calculating,  upon  the  most  general  principles,  the 
motion  of  sucli  a  collection  of  particles  as  would  form  an  elastic  medium, 
obtained  results  which  included  the  new  extension  of  the  pi-evious 
hypothecs.  Professor  Powell,  of  Oxford,  applied  himself  to  reduce  to 
calculation,  and  to  compare  with  expeiiment,  the  result  of  these 
researches.  And  it  appeared  that,  on  M.  Cauchy'a  principles,  a  varia- 
tion in  the  velocity  of  light  is  produced  by  a  variation  in  the  length  of 
the  wave,  provided  that  the  interval  between  the  molecules  of  the 
ether  bears  a  sensible  ratio  to  the  length  of  an  undulation."  I'rofessor 
Powell  obtained  also,  from  the  general  expressions,  a  formula  express- 
ing the  relation  between  the  refractive  index  of  a  ray,  and  the  length 
of  a  wave,  or  the  color  of  light.'"  It  then  became  his  task  to  ascer- 
tain whether  this  relation  obtained  experimentally ;  and  he  found  a 
very  close  agreement  between  the  numbers  which  resulted  from  the 
formula  and  those  observed  by  Fraunhofer,  for  ten  different  tinds  of 
media,  namely,  certain  glasses  and  fluids."  To  these  he  aftenvards 
added  ten  other  cases  of  crystals  observed  by  M.  Eudbet^."  Mr. 
KcUand,  of  Cambridge,  also  calculated,  in  a  manner  somewhat  different, 
the  results  of  the  same  hypothesis  of  finite  intervals ;"  and,  obtaining 


"  PhU.  Mag.  vol  vi.  p.  268.  "  lb,  vol  vii.  1S35,  p.  286. 

'■  Phil  TTatis.  1335,  p.  S49.  ^  lb.  1838,  p.  17, 

"  Camb.  Trans,  vol.  yi.  p.  153. 
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formula:  not  exactly  the  same  as  Professor  Powell,  found  also  an 
agreement  between,  those  and  Fraunhofer's  observations. 

It  may  be  observed,  that  the  refractJve  indices  observed  and 
employed  in  these  comparisons,  were  not  those  determined  by  the 
color  of  the  ray,  which  is  not  capable  of  exact  identification,  but  those 
more  accurate  measures  which  Fraunhofer  was  enabled  to  mate,  in 
consequence  of  having  detected  in  the  spectrum  the  black  lines  which 
he  called  B,  C,  D,  E,  F,  G,  H.  The  agreement  between  the  theoreti- 
cal formulje  and  the  observed  niimborB  is  remartable,  tliroughont  aU 
the  aeries  of  comparisons  of  which  we  have  spoken.  Yet  we  mast  at 
present  hesitate  to  prononnce  npon  the  hypothesis  of  finite  intervals,  as 
proved  by  these  calcnlations ;  for  though  this  hypothesis  has  given 
results  agreeing  so  closely  with  experiment,  t  is  not  >  t  clear  th  t 
other  hypotheses  may  not  produce  an  equal  agreeme  t  By  tl  e 
nature  of  tlie  case,  there  must  be  a  certain  gra  lat  o  an  1  ont  na  ty  n 
the  snccession  of  colore  in  the  spectnna,  and  hence  ays  ppos  t  on 
which  will  account  for  the  general  fact  of  the  vhole  d  spers  o  i,  may 
possibly  account  for  the  amount  of  the  i  terme  1  ate  d  per-  on 
because  these  must  be  interpolations  between  tl  e  extre  cs  The 
result  of  this  hj-pothetical  calculation,  however  ho  e  y  sat  sfecto- 
rily  that  there  is  not,  in  the  feet  of  dispersion,  inytl  ng  wh  h  s  at  ill 
formidable  to  the  undulatory  theory. 

11.  Conclusion. — There  are  several  other  of  the  more  recondite 
points  of  the  theory  which  may  be  considered  as,  at  pi-esent,  too  un- 
decided to  allow  us  to  speak  historically  of  the  discussions  which  they 
have  occasioned."  For  example,  it  was  conceived,  for  some  time,  that 
tlie  vibrations  of  polarized  light  are  perpendicular  to  the  plane  of 
polarization.  But  this  assumption  was  not  an  essential  part  of  the 
tlieory  ;  and  all  the  phenomena  would  equally  allow  us  to  suppose  the 
vibrations  to  be  in  the  polarization  plane ;  the  main  requisite  being, 
that  light  polarized  in  planes  at  right  angles  to  each  other,  should  also 
have  the  vibrations  at  right  angles.  Accordingly,  for  some  time,  this 
point  was  left  undecided  by  Young  and  Fresnel,  and,  more  recently, 
some  mathematicians  have  come  to  the  opinion  that  ether  vibrates  in 
the  plane  of  polarization.  The  tiieory  of  transverse  vibrations  is 
equally  stable,  whichever  supposition  may  be  finally  oonfirmed. 

We  may  speak,  in  the  same  manner,  of  the  suppositions  which,  fiom 


"  For  an  aeeonnt  of  these,  see  Professor  Lloyd's  Report  on  }'hymal  Optics 
{Brit  Assoi;.  Report,  1834.) 
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the  time  of  Young  and  Fresnel,  the  cultivators  of  this  theory  Lave 
been  led  to  make  respecting  the  mechanical  constitution  of  the  etlier, 
and  tie  forces  by  whicb  transverse  vibrations  are  produced.  It  was 
natural  that  various  difficulties  should  arise  upon  such  points,  for  trans- 
verse vibrations  had  not  previously  been  made  the  subject  of  mechani- 
cal calcnlation,  and  the  forces  which  occasion  them  must  act  in  a 
different  manner  ffoui  those  which  were  previously  contemplated. 
Still,  we  may  venture  to  say,  without  entering  into  these  discussions, 
that  it  has  appeared,  from  all  the  mathematical  reasonings  which  have 
been  pursued,  that  there  is  not,  in  the  conception  of  transverse  vibrar 
tions,  anything  inconsistent  either  with  the  principles  of  mechanics,  or 
with  the  best  general  views  which  we  can  form,  of  the  forces  by  which 
the  universe  is  held  together. 

I  willingly  speak  as  briefly  as  the  nature  of  my  undertaiting  allows, 
of  those  points  of  the  nndulatory  theory  which  are  still  under  delibe- 
ration among  mathematicians.  With  respect  to  these,  an  intimate 
acquaintance  with  mathematics  and  physics  is  necessary  to  enable  any 
one  to  understand  the  steps  which  are  made  from  day  to  day;  and  still 
higher  philosophical  qualifications  would  be  requisite  in  order  to  pro- 
nounce a  judgment  upon  them.  I  shall,  therefore,  conclude  this  sur- 
vey by  remarking  the  highly  promising  condition  of  this  great  depart- 
ment of  science,  in  respect  to  the  character  of  its  cultivators.  Nothing 
less  than  profound  thought  and  great  mathematical  skill  can  enable 
any  one  to  deal  with  this  theory,  in  any  way  likely  to  promote  the  in- 
terests of  science.  But  there  appears,  in  the  horizon  of  the  scientific 
world,  a  considerable  class  of  young  mathematicians,  who  are  already 
bringing  to  these  investigations  the  req  '  't  t  1  t  d  zeal ;  and  who, 
having  acquired  their  knowledge  of  th  tl  y  n  the  time  when  its 
acceptation  was  doubtful,  pMsess,  with  t  ff'  ■t,  that  singleness  and 
decision  of  view  as  to  its  fundamental  1  t  nes,  h  h  't  is  difficult  for 
those  to  attain  whose  minds  have  had  t  g  th  ugh  the  hesitation, 
stiuggle,  and  balance  of  the  epoch  of  th  tal  h  1  nt  of  the  theory. 
In  the  hands  of  this  new  generation,  it  is  reasonable  to  suppose  the 
Analytical  Mechanics  of  light  will  he  improved  as  much  as  the  Analy- 
tical Mechanics  of  the  solar  system  was  by  the  successors  of  Newton. 
We  have  already  had  to  notice  many  of  this  younger  race  of  undula- 
tionists.  For  besides  MM  Cauchy,  Poisson,  and  Ampere,  M.  LamS 
has  been  more  recently  following  these  researches  in  France."     In 

»=  Prof.  Lloyd's  Beport,  p.  E92. 
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Belgium,  M.  Quetelet  has  given  great  attention  to  them  ;  and,  in  our 
own  country,  Sir  William  Hamilton,  and  Professor  Lloyd,  of  Duhlin, 
have  been  followed  by  Mr.  Mac  Cullagb.  Professor  Powell,  of  Oxford, 
has  continued  hia  researches  with  unremitting  industry  ;  and,  at  Cam- 
bridge, Professor  Airy,  who  did  much  for  the  establishment  and  diffu- 
sion of  the  theory  before  he  was  removed  to  the  post  of  Astronomer 
Royal,  at  Greenwich,  has  had  the  satisfaction  to  see  his  labors  continued 
by  others,  even  to  the  most  recent  time ;  for  Mr.  Eeliand,"  whom  we 
have  already  mentioned,  and  Mr.  Archibald  Smith,"'  the  two  persons 
who,  in  1834  and  1836,  received  the  highest  mathematical  honors 
which  that  university  can  bestow,  have  both  of  them  published  inves- 
tigations respecting  the  undniatory  theory. 

We  may  be  permitted  to  add,  as  a  reflection  obviously  suggested  by 
these  fects,  that  the  cause  of  the  progress  of  science  ia  incalculably 
benefited  by  the  existence  of  a  body  of  men,  trained  and  stimulated 
to  the  study  of  the  higher  mathematics,  such  as  exist  in  the  British 
universities,  who  are  thus  prepared,  when  an  abstruse  and  sublime 
theory  comes  liefore  the  world  with  all  the  characters  of  truth,  to 
appreciate  its  evidence,  to  take  steady  hold  of  its  principles,  to  pursue 
itfl  calculations,  and  thus  to  convert  into  a  portion  of  the  permanent 
treasure  and  inheritance  of  the  civilized  world,  discoveries  which  might 
otherwise  expire  with  the  great  geniuses  who  produced  them,  and  be 
lost  for  ages,  as,  in  former  times,  great  scientific  discoveries  have  some- 
times been. 

The  reader  who  is  aeq^uainted  with  the  history  of  recent  optical  dis- 
covery, will  see  that  we  have  omitted  much  which  has  justly  excited 
admiration  ;  aa,  for  example,  the  phenomena  produced  by  gla^  under 
heat  or  pressure,  noticed  by  MM.  Lobeck,  and  Biot,  and  Brewster,  and 
many  most  curious  properties  of  particnlar  minerals.  We  have  omit- 
ted, too,  aU  notice  of  the  phenomena  and  laws  of  the  absorption  of 
light,  which  hitherto  stand  unconnected  with  the  theory.  But  in  this 
we  have  not  materially  deviated  from  our  main  design;  for  our  end, 
in  what  we  have  done,  has  been  to  trace  the  advances  of  Optics 


,  ^  OnifK  Hispersion  of  Zigkf,  as  explained  by  the  Hypothesis  of  Mnite  Inier- 
vedii.    Cwub.  Trane.  voL  vi.  p.  153. 

"  Investigation  of  the  Equation  to  ^esneVs  Wave  Surface,  ib.  p.  85.  See 
also,  in  the  same  Tolum«,  MatJiematical  Considerations  on  the  Probktn  of  the 
ifamSura,  atowing  it  to  belong  to  Physical  Option,  by  E.  Potter,  l^aq.,  of  Queen's 
College. 
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towards  perfection  as  a  tlieory  ;  and  tliis  task  we  have  now  nearly  ese- 
eut«d  as  fer  as  our  abilities  allow. 

We  have  been  desirous  of  showing  that  the  type  of  this  progress, 
in  the  histories  of  the  two  great  sciences,  Physical  Astronomy  and 
Physical  Optics,  is  the  same.  In  both  we  have  many  Laws  of  Pheno- 
mena detected  and  accumulated  by  acute  and  inventive  men ;  we  have 
Preludial  guesses  which  touch  the  true  theory,  but  which  remain  for 
a  time  imperfect,  undeveloped,  unconfinned  :  finally  ive  have  the  Epoch 
when  this  true  theory,  clearly  apprehended  by  great  philosophical 
geniuses,  is  recommended  by  its  fully  explaining  what  it  was  first  meant 
to  explain,  and  confirmed  by  its  explaining  what  it  was  not  meant  to 
explain.  We  have  then  its  Progress  strn^ling  for  a  little  while  with 
advei^e  prepossessions  and  difficulties;  finally  overcoming  all  these, 
and  moving  onwards,  while  its  triumphal  procession  is  joined  by  all 
the  younger  and  more  vigorous  men  of  science. 

It  would,  perhaps,  be  too  fanciful  to  attempt  to  establish  a  parallel- 
ism between  the  prominent  persons  who  figure  in  these  two  histories. 
If  we  were  to  do  this,  we  must  consider  Huyghens  and  Hoote  as  stand- 
ing in  the  place  of  Copernicus,  since,  lite  him,  they  announced  the 
true  theory,  but  left  it  to  a  future  age  to  give  it  development  and 
mechanical  confirmation  ;  lHalus  and  Brewster,  grouping  them  together, 
correspond  to  Tycho  Brahe  and  ICepIer,  laborious  in  accumulating 
observations,  inventive  and  happy  in  discovering  laws  of  phenomena; 
and  Young  and  Fresnel  combined,  make  up  the  Newton  of  optical  science. 

[2nd  Ed.]  [In  the  Pepori  on  Physical  Optics,  {Brit.  Ass.  Reports, 
1834,)  by  Prof.  Lloyd,  the  progress  of  the  mathematical  iheoiy  after 
Fresnel's  labors  is  stated  more  distinctly  than  I  have  stated  it,  to  the 
following  efi'eeL  Ampere,  in  1828,  proved  Fresnel's  mathematical  re- 
sults directly,  which  Fresnel  had  only  proved  indirectly,  and  derived 
from  his  proof  Fresnel's  beautiful  geometrical  construction.  Prof.  Mac 
Cullagh  not  long  after  gave  a  concise  demonstration  of  the  same  theo- 
rem, and  of  the  other  principal  points  of  Fresnel's  theory.  He  repre- 
sents the  elastic  force  by  means  of  an  ellipsoid  whose  axes  are  inversely 
proportional  to  those  of  Fresnel's  generating  ellipsoid,  and  deduces 
Fr^nel's  construction  geometrically.  In  the  third  Supplement  to  his 
Ssrny  on  the  Theory  of  Systems  of  Rays  (Trans.  R.  I.  Acad.  vol. 
xvii.).  Sir  W.  Hamilton  has  presented  that  portion  of  Fresnel's  theory 
which  relates  to  the  fundamental  problem  of  the  determination  of 
the  velocity  and  polarization  of  a  plane  wave,  in  a,  very  elegant  and 
analytical  form.      This  he   does   by   means   of  what  he   calls  the 
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cJtaracterislir,  function  of  the  Optical  sjatum  to  wliieli  the  prohlem 
belongs.  From  this  function  is  deduced  the  surface  of  v>ave-slowness 
of  the  medium ;  and  by  means  of  this  surface,  the  direction  of  the 
rays  refracted  into  the  medium.  From  this  construction  also  Sir  W. 
Hamilton  was  led  to  the  anticipation  of  conical  refraction,  mentioned 
above. 

The  investigations  of  MM,  Cauchy  and  Lame  refer  to  the  laws  by 
which  the  particles  of  the  ether  act  upon  each  oWier  and  upon  the 
particles  of  other  bodies;— a  field  of  speculation  which  appears  to  me 
not  yet  ripe  for  the  final  operations  of  the  analyst. 

Among  the  mathematicians  who  have  supplied  defects  in  Fresnel's 
reasoning  on  this  subject,  I  may  mention  Mr.  Tovey,  who  treated  it  in 
several  papers  in  the  Philosophical  Magazi-ne  (1837-40).  Mr.  Tovey's 
early  death  must  be  deemed  a  Iom  to  mathematical  science. 

Besides  investigating  the  motion  of  symmetrical  systems  of  particles 
which  may  be  supposed  to  correspond  to  biaxal  crystals,  Mr.  Tovey 
considered  the  case  of  unsymmetrical  systems,  and  found  that  the 
undulations  propagated  would,  in  the  general  case,  be  elliptical ;  and 
that  in  a  particular  ease,  circular  undulations  would  take  place,  such  as 
are  propagated  along  the  axis  of  quartz.  It  appears  to  me,  however, 
that  he  has  not  given  a  definite  meaning  to  those  limitations  of  his 
general  hypothesis  which  condnct  him  to  this  result.  Perhaps  if  the 
hypothetical  conditions  of  this  result  were  traced  into  detail,  they 
would  be  found  to  reside  in  a  screw-like  arrangement  of  the  elementary 
particles,  iu  some  degree  such  as  crystals  of  quarta  themselves  exhibit 
in  their  forms,  when  they  have  plagihedral  feces  at  both  ends. 

Such  crystals  of  quarta  are,  some  like  a  right-handed  and  some  like 
a  left-handed  screw ;  and,  as  Sir  John  Herschel  discovered,  the  circulai 
polarization  is  right-handed  or  left-handed  according  as  the  plagihedral 
form  is  so.  In  Mr.  Tovey's  hypothetical  investigation  it  doci  not 
appear  upon  what  part  of  the  hypothesis  this  difference  of  right  and 
left-handed  depends.  The  definition  of  this  part  of  the  hypothesis  is  a 
very  desirable  step. 

When  crystals  of  Quarta  are  right-handed  at  one  end,  they  are  right- 
handed  at  the  other  end :  bat  there  is  a  difierent  kind  of  plagihedral 
form,  which  occurs  in  some  other  crystals,  for  instance,  in  Apatite ;  in 
these  the  plagihedral  faces  are  right-handed  at  the  one  extremity  and 
left-handed  at  the  other.  For  the  sake  of  distinction,  we  may  call  the 
former  homologous  plagihedral  faces,  since,  at  both  ends,  they  have  the 
jame  name  ;  and  the  latter  heterologous  plagihedral  faces. 
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The  nomologoua  plagihedi'al  faces  of  Quarts  crystals  are  accompa- 
nied by  homologonB  circular  polarization  of  the  same  name.  I  do  not 
know  that  heterologous  circular  polaiization  has  been  observed  in  any 
ciysta],  but  it  has  been  discovered  by  Dr.  Faraday  to  occur  in  glass,  &c., 
when  subjected  to  powerftil  magnetic  action. 

Perhaps  it  was  prestmiptuous  in  me  to  attempt  to  draw  such  compa- 
risons, especially  with  regard  to  living  persons,  as  I  have  done  in  the 
preceding  pages  of  this  Book.  Having  published  this  passage,  how- 
ever, I  shall  not  now  suppress  it  But  I  may  observe  that  the  im- 
mense number  and  variety  of  the  beautiful  optical  discoveries  which 
we  owe  to  Sir  David  Brewster  makes  the  comparison  in  his  ease  a  very 
imperfect  representation  of  his  triumphs  over  nature  ;  and  that,  besides 
his  place  in  tte  history  of  the  Theory  of  Optics,  he  must  hoid  a  most 
eminent  position  in  the  history  of  Optical  Crystallography,  whenever 
the  discovery  of  a  True  Optical  Theory  of  Crystals  supplies  ns  with  the 
Epoch  to  which  his  labors  in  this  field  form  so  rich  a  Prelude.  I  coi'- 
dially  assent  to  the  expression  employed  by  Mr.  Airy  in  the  Phil, 
Trans,  for  1840,  in  which  he  speaks  of  Sir  David  Brewster  as  "  the 
Father  of  Modern  Experimental  Optics."] 
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THERMOTICS  AND  ATMOIOGY. 
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Et  primum  facumt  ignem  se  vortere  in  auras 
Aeris ;  hinc  imbrem  gigni  terramque  creari 
Ex  imbri ;  rettoque  a  terr4  eimcta  revorti, 
Homorem  primum,  post  aSra  deinde  caloreni ; 

De  cce]o  oil  terrain  do  tcirS,  ad  aidera  mundi. 

Luchetils, 

Water,  and  Air,  and  Fire,  alternate  iiin. 
Tlieir  endless  circle,  multiform,  yet  one. 
For,  moulded  by  the  fervor's  latent  beams, 
Solids  flow  loose,  and  fluids  flasb  to  steams, 
And  olcmental  flame,  with  secret  force, 
Fursues  through  coi-th,  air,  sky,  its  stated  courS' 
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ItfTRODUCTION. 
Of  Tkermofics  ami  Atmology. 

I  EMPLOY  the  term  Tkermotics,  to  include  all  the  doctrines  re- 
specting Heat,  which  have  hitherto  been  estabhahed  on  proper 
scientific  grounda.  Our  survey  of  the  history  of  this  branch  of 
science  must  be  more  rapid  and  less  detailed  than  it  has  been  in  those 
subjects  of  which  we  have  hitherto  treated :  for  our  knowledge  is,  in 
this  ease,  more  vague  and  uncertain  than  in  the  others,  and  has  made 
less  progress  towards  a  general  and  certain  theory.  Still,  the  narrative 
is  too  important  and  too  instructive  to  be  passed  over. 

The  distinction  of  Formal  Thermotics  and  Physical  Thcrmotics, — 
of  the  discovery  of  the  mere  Laws  of  Phenomena,  and  the  discovery 
of  their  causes, — ia  applicable  here,  as  in  other  departments  of  our 
knowledge.  But  we  cannot  exhibit,  in  any  prominent  manner,  the 
latter  division  of  the  science  now  before  us;  since  no  general  theory 
of  heat  has  yet  been  propounded,  which  affords  the  means  of  calcu- 
lating the  circumstances  of  the  phenomena  of  conduction,  radiation, 
expansion,  and  change  of  solid,  liquid,  and  giKeons  form.  Still,  on 
each  of  these  subjects  there  have  been  proposed,  and  extensively 
assented  to,  certain  general  views,  each  of  which  explains  its  appro- 
priate class  of  phenomena ;  and,  in  some  cases,  these  principles  have 
been  clothed  in  precise  and  mathematical  conditions,  and  thus  made 
bsBCs  of  calculation. 

These  principles,  thus  possessing  a  generality  of  a  limited  kind,  con- 
necting several  observed  laws  of  phenomena,  but  yet  not  connecting 
all  the  observed  classes  of  facts  which  relate  to  heat,  will  require  our 
separate  attention.  They  may  be  described  as  the  Doctrine  of  Con- 
duction, the  Doctrine  of  Eadiation,  the  Doctrine  of  Specific  Heat,  and 
the  Doctrine  of  Latent  Heat ;  and  tJiese,  and  similar  doctrines 
respecting  heat,  make  up  the  science  which  we  may  call  Thermotics 
proper. 

But  besides  these  collections  of  principles  which  regard  heat  by 
itself,  the  relations  of  heat  and  moisture  give  rise  to  another  extensive 
and  important  collection  of  laws  and  principles,  which  I  shall  treat  of 
in  connexion  with  Thermotics,  and  shaU  term  Atmology,  borrowing 
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tlic  term  from  the  Greek  word  (arftos )  wlii  h  -ii^rmiies  vapor.  The 
Atmosphere  was  so  named  by  the  Greeks,  as  being  i  sphere  of  vapor  ; 
and,  undoubtedly,  the  moat  general  and  important  of  the  phenomena 
which  take  place  in  the  air,  by  which  the  earth  is  surrounded,  are 
those  in  which  water,  of  one  consistence  or  other  (ice,  water,  or  steam,) 
is  concerned.  The  knowledge  which  relates  to  what  takes  place  in 
the  atmosphere  has  been  called  Meteorology,  in  its  collective  form ; 
but  such  knowledge  is,  in  fact,  composed  of  parts  of  many  different 
sciences.  And  it  is  useful  for  our  purpose  to  consider  separately  those 
portions  of  Meteorology  which  have  reference  to  the  laws  of  aqueous 
vapor,  and  these  we  may  include  under  the  term  Atmology. 

The  instruments  which  have  been  invented  for  the  purpose  of  mea- 
suring the  moisture  of  the  air,  that  is,  the  quantity  of  vapor  which 
exists  in  it,  have  been  termed  Hygrometers ;  and  the  doctrines  on 
which  these  iDstruments  depend,  and  to  which  they  lead,  have  been 
called  Hygrometry  ;  but  this  term  has  not  been  nsed  in  quite  so  exten- 
sive a  sense  as  that  which  we  intend  to  aiBx  to  Atmology, 

In  treating  of  Thermotica,  we  shaU  firi.t  describe  the  earlier  progress 
of  men's  views  concerning  Conduction,  Radiation,  and  the  like,  and 
shall  then  speak  of  the  mote  recent  corrections  and  extensions,  by 
which  they  have  been  brought  nearer  to  theoretical  generality. 
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CHAPTER  r. 
The  Doctrines  or  CoxDUOTiotf 


Seelion  1. — Introduclum,  of  ike  Doctrine  of  Conduction. 

BY  conduction  is  meant  the  propagation  of  heat  from  one  part  to 
anotiier  of  2,  continuous  body ;  or  from  ono  body  to  another  in 
contact  with  it ;  as  when  one  end  of  a  poter  stuck  in  the  iiro  heat"* 
tlie  other  end,  or  when  this  end  heats  the  hanJ  whicli  takes  hold  of 
it.  By  radiation  is  meant  the  diffusion  of  heat  from  the  surface  of  a 
body  to  points  not  in  contact.  It  is  clear  in  both  these  cases,  that,  in 
proportion  as  the  hot  portion  is  hotter,  it  produces  a  greater  effect  in 
warming  the  cooler  portion  ;  that  is,  it  communicates  more  Heat  to  it, 
if  Meat  be  the  abstract  conception  of  which  this  effect  is  the  measure. 
The  simplest  rule  which  can  be  proposed  is,  that  the  heat  thus  com- 
municated in  a  given  instant  is  proportional  to  the  excess  of  the  heat 
of  the  hot  body  over  that  of  the  contiguous  bodies ;  there  are  no 
obvious  phenomena  which  contradict  the  sapposition  that  this  is  the 
true  law  ;  and  it  was  thence  assumed  by  Newton  as  the  true  law  for 
radiation  and  by  other  writers  for  conduction.  This  assumption  was 
confirmed  approximately,  and  afterwards  corrected,  for  the  case  of 
Radiation ;  in  its  application  to  Conduction,  it  has  been  made  the 
basis  of  calculation  up  to  the  present  time.  We  may  observe  that 
this  statement  takes  for  granted  that  we  have  attained  to  a  measure 
of  heat  (or  of  temperature,  as  heat  thus  measured  is  termed),  corre- 
sponding to  the  law  thus  assumed ;  and,  in  &ct,  as  we  shall  have 
occasion  to  explain  in  speaking  of  the  measures  of  sensible  qualities, 
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tJie  tliermometrical  scale  of  heat  according  to  the  expanson  ot  hquiih 
(which  is  the  measure  of  temperature  here  a^loptel),  was  eonstruited 
with  a  reference  to  Newton'a  law  of  radiation  of  heat,  ani  thus  the 
law  is  Becessarily  conatstent  with  the  scak 

Itt  any  case  in  which  the  pax-ts  of  a  body  aie  unequ^llv  hot,  the 
temperature  will  vary  continuously  in  passing  from  one  part  ot  tlie 
body  to  another ;  thus,  a  long  bar  of  iron,  of  which  one  end  is  kept 
red  ho^  will  exhibit  a  gradual  diminution  of  teuiperaf  uie  at  successn  e 
points,  proceeding  to  the  other  end.  The  law  of  temperature  of  the 
parts  of  such  a  bar  might  be  expressed  by  the  ordinates  of  a  curve 
which  should  run  alongside  the  bar.  And,  in  order  to  trace  mathe- 
matically tie  consequences  of  the  assumed  !aw,  some  of  those  pro- 
cesses would  be  necessary,  by  which  mathematicians  are  enabled  to 
deal  with  the  properties  of  curves ;  as  the  method  of  infinitesimals,  or 
the  differential  calculus ;  and  the  truth  or  falsehood  of  the  law  would 
be  determined,  according  to  the  usual  rules  of  inductive  science,  by  a 
comparison  of  results  so  deduced  from  the  principle,  with  the  observed 
phonomen.. 

It  was  easily  perceived  that  this  comparison  was  the  task  which  - 
physical  inquirers  had  to  perform ;  but  the  execution  of  it  was  de- 
layed for  some  time  ;  partly,  perhaps,  because  the  mathematical  pro- 
cess presented  some  difficulties.  Even  in  a  ease  so  simple  as  that 
above  mentioned,  of  a  linear  bar  with  a  stationary  temperature  at  one 
end,  partial  differentials  entered ;  for  there  were  three  variable  quan- 
tities, the  time,  as  well  as  the  place  of  each  point  and  ifc9  temperature, 
Aud  at  first,  another  scruple  occurred  to  M.  Biot  when,  about  1804, 
he  andertoofe  this  problem.'  "  A  difficulty,"  says  Laplaee,'  in  1809, 
"  presents  itself,  which  has  not  yet  been  solved.  The  quantities  of 
heat  received  and  communicated  in  an  instant  (by  any  point  of  the 
bar)  must  be  infinitely  small  quantities  of  the  same  order  as  the  excess 
of  the  heat  of  a  slice  of  the  body  over  that  of  the  contiguous  sliee; 
therefore  the  excess  of  the  heat  received  by  any  slice  over  the  heat 
communicated,  is  an  infinitely  small  quantity  of  the  second  order; 
and  the  accumulation  in  a  finite  time  (which  depends  on  this  excess) 
cannot  be  finite."  I  conceive  that  this  difficulty  arises  entirely  from 
an  arbitrary  and  unnecessary  assumption  concerning  the  relation  of 
the  infinitesimal  parts  of  the  body.  Laplace  resolved  the  difficulty  by 
further  reasoning  founded  upon  the  same  assumption  which  occasioned 


'  Biot,  Traite  de  Pkijs.  iv.  p.  fiflS.    '  Laplace,  Mem.  Iiul.  fop  1809,  p.  332. 
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it;  but  Fouvici',  who  was  the  most  distinguished  of  the  cultivators  of 
this  mathematical  doctrine  of  conduction,  follows  a  course  of  reasoning 
itt  which  the  difficulty  does  not  present  itself.  Indeed  it  is  stated  by 
Laplace,  in  the  Memoir  above  quoted,'  that  Fourier  Lad  already  ob- 
tained the  true  fundamental  equations  by  views  of  his  own. 

The  remaining  part  of  the  history  of  the  doctrine  of  conduction  is 
principally  the  history  of  Fourier's  labors.  Attention  baring  been 
drawn  to  the  subject,  as  we  have  mentioned,  the  French  Institute,  in 
January,  1810,  proposed,  as  their  prize  question,  "  To  give  tte  mathe- 
matical theory  of  the  !aws  of  the  propagation  of  heat,  and  to  coraparc 
this  theory  with  exact  observations."  Fourier's  Memoir  (the  sequel 
of  one  delivered  in  1807,)  was  sent  in  September,  1811  ;  and  the 
prize  (3000  francs)  adjudged  to  it  in  1812.  In  consequence  of  the 
political  confusion  which  prevailed  in  Fmnce,  or  of  other  causes,  these 
important  Memoira  were  not  published  by  the  Academy  till  1824;  but 
extracts  had  been  printed  in  the  Bulletin  des  Sciences  in  1808,  and  in 
the  Annales  de  Chimie  in  1816;  and  Poisson  and  M.  Cauchy  had 
consulted  the  manuscript  itself. 

It  is  not  my  purpose  to  give,  in  this  place,*  an  account  of  the  ana- 
lytical processes  by  which  Fourier  obtained  his  results.  The  still 
displayed  in  these  Memoirs  is  such  as  to  make  them  an  object  of  just 
admiration  to  mathematicians;  but  they  consist  entirely  of  deductions 
from  the  fundamental  principle  which  I  have  noticed, — that  the  quan- 
tity of  heat  conducted  from  a  hotter  to  a  colder  point  is  proportional 
to  the  e::ices8  of  heat,  modified  by  the  condwclivily,  or  conducting 
power  of  each  substance.  The  equations  which  flow  from  this  princi- 
ple assume  nearly  the  same  forms  as  those  which  occur  in  the  most 
general  problems  of  hydrodynamics.  Besides  Fourier's  solution,  La- 
place, Poisson,  and  M.  Cauchy  have  also  exercised  their  great  analyti- 
cal skiil  in  the  management  of  these  formujje.  We  shall  briefly  speak 
of  the  comparison  of  the  results  of  these  reasonings  with  experiment, 
and  notice  some  other  consequences  to  which  they  lead.  Eut  before 
we  can  do  this,  wc  must  pay  some  attention  to  the  subject  of  radiation. 


'  Inplace,  Mem.  Inst,  for  ISOS,  p.  63S. 

'  I  have  givan  no.  account  of  Fourier'e  matlicinafclcal  results  ii 
of  the  British  Association  for  1SS6, 
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Sect.  2. — IntroducUoK  of  the  Doctrine  of  Radiatim.. 

A  HOT  body,  as  a  mass  of  incandescent  iron,  emits  heat,  as  wc  per- 
ceive by  our  senses  wten  we  approact  it ;  and  by  tiiis  emission  of 
heat  the  hot  body  cools  down.  The  first  step  in  our  systematic  know- 
ledge of  the  subject  was  made  in  the  Prindpia.  "It  was  in  the 
destiny  of  that  great  work,"  says  Fourier,  "to  exiiibit,  or  at  least  to 
indicate,  the  causes  of  the  principal  phenomena  of  the  imiverBe." 
Newton  assumed,  as  we  have  already  said,  that  the  rate  at  which  a 
body  cools,  tiat  ia,  parts  with  its  heat  to  surrounding  bodies,  is  pro- 
portional to  its  heat ;  and  on  this  assumption  he  rested  the  verification 
of  his  scale  of  temperatures.  It  is  an  easy  deduction  from  this  law, 
that  if  tunes  of  cooling  be  taken  in  arithmetical  progression,  the  heat 
.will  deci'ease  in  geometrical  progression.  Kraft,  and  after  him  Rich- 
man,  tried  to  verify  this  law  by  direct  experiments  on  the  cooling  of 
vessels  of  warm  water ;  and  from  these  experiments,  which  have  since 
been  repeated  by  others,  it  appears  that  for  differences  of  temperature 
which  do  not  exceed  50  degrees  (boiling  water  being  100),  this  geo- 
metrical progression  represents,  with  tolerable  (but  not  with  complete) 
accuracy,  the  process  of  cooling. 

This  principle  of  radiation,  like  th  t    f         It        required  to  be 
followed  out  by  mathematical  reason  E  t    t      c^uired  also  to  be 

corrected  in  the  fiist  place,  for  it  was    iu  ly  th  t  the  rate  of  cool- 

ing depended,  not  on  the  absolute  tempe  t  f  the  body,  but  on 
the  excess  of  its  temperature  above  th  rr  d  ,;,  bjects  to  which 
it  communicated  its  heat  in  cooling.  And  philosophers  were  naturally 
led  to  endeavor  to  explain  or  illustrate  this  proce^  by  some  physical 
notions.  IJambert,  in  1755  published'  an  Essay  on  the  Force  of  Heat, 
in  which  he  assimilates  the  communication  of  heat  to  the  flow  of  a 
fluid  out  of  one  vessel  into  another  by  an  excess  of  pressure ;  and 
mathematically  deduces  the  laws  of  the  process  on  this  ground.  But 
some  additional  facta  suggested  a  different  view  of  the  subject  It  was 
found  that  heat  is  propagated  by  radiation  according  to  straight  lines, 
like  light ;  and  that  it  is,  as  light  is,  capable  of  being  reflected  by 
mirrors,  and  thus  brought  to  a  focus  of  intenser  action.  In  this  man- 
ner the  radiative  effect  of  a  body  could  be  more  precisely  traced.  A 
fact,  however,  came  under  notice,  which,  at  first  sight,  appeared  to 

'  Act.  Uehet.  torn.  ii.  p,  iTS. 
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offer  some  difficulty.  It  appeared  that  cold  was  reflected  no  less  than 
heat.  A  mass  of  ice,  when  its  effect  was  concentrated  on  a  thermo- 
meter hy  a  system  of  mirrors,  made  the  thermometer  fall,  just  as  a 
vessel  of  hot  water  placed  in  a  similar  situation  made  it  rise.  Was 
cold,  then,  to  be  supposed  a  real  substance,  no  less  than  heatS 

The'  solution  of  this  and  similar  difficulties  was  given  by  PieiTe 
PrcTOst,  professor  at  Geneva,  whose  theory  of  radiant  heat  was  pro- 
posed about  1790.  According  to  this  theory,  heat,  or  caloric,  is  con- 
stantly radiating  from  every  point  of  the  surface  of  all  bodies  in 
straight  lines ;  and  it  radiates  the  more  copiously,  the  greater  is  the 
quantity  of  heat  which  the  body  contains.  Hence  a  constant  ex- 
change of  heat  is  going  on  among  neighboring  bodies ;  and  a  body 
grows  hotter  or  colder,  according  as  it  receives  more  caloric  than  Jt 
emits,  or  the  contrary.  And  thus  a  body  is  cooled  by  rectilinear  raya 
from  a  cold  body,  because  along  these  paths  it  sends  rays  of  heat  in 
greater  abundance  than  those  which  return  the  same  way.  This  the- 
ory  of  exchanges  is  simple  aad  satisfactory,  and  was  soon  generally 
adopted ;  but  we  must  consider  it  rather  as  the  simplest  mode  of  ex- 
pressing the  dependence  of  the  communication  of  heat  on  the  excess 
of  temperature,  than  as  a  proposition  of  which  the  physical  truth  is 
clearly  established. 

A  number  of  curious  researches  on  the  effect  of  the  different  kinds 
of  surfece  of  the  heating  and  of  the  heated  body,  were  made  by 
Leslie  and  otliers.  On  these  I  shall  not  dwell ;  only  observing  that 
the  relative  amount  of  this  radiative  and  receptive  energy  may  be  ex- 
pressed by  numbers,  for  each  kind  of  surface ;  and  that  ive  shall  have 
occasion  to  speai  of  it  under  the  term  exterior  conductivity  /  it  is 
thus  distinguished  from  inlmor  conductivity,  which  is  the  relative 
rate  at  which  heat  is  conducted  in  the  interior  of  bodies,' 

Sect.  3. — Venficatiojts  of  the  Doctrines  of  Conduction  and  Madiation. 

The  iuterior  and  exterior  conductivity  of  bodies  are  numbers,  which 
enter  as  elements,  or  eoefficients,  into  the  mathematical  calculations 
founded  on  the  doctrines  of  conduction  and  radiation.    These  coeffl- 

°  The  term  employed  by  Fourier,  conduct'MlUy  or  conducibilily,  suggests  ex- 
preaaions  altogether  aljsurd,  as  if  the  bodies  eonld  be  called  caaduetible,  or  eon- 
dacible,  with  respect  to  heat :  I  have  tliereiore  ventured  upon  a  slight  altora- 
tinn  of  the  word,  and  have  used  the  abstract  term  which  analogy  would 
snggest,  if  wo  auppoee  bodies  to  bo  eonduclive  in  this  respoet. 
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cieiits  are  to  bo  detormiiied  for  each  case  by  appropriate  experiments  : 
when  the  experimenters  had  obtained  these  data,  as  well  as  the  ma- 
thematical solntions  of  the  problems,  they  could  test  the  trutli  of  their 
fimdamental  principles  by  a  comparison  of  the  theoretical  and  actual 
results  in  properly-selected  cases.  This  was  done  for  the  law  of  con- 
dnction  in  the  simple  cases  of  metallic  bars  heated  at  one  end,  by  M. 
Biot,'  and  the  accordance  with  experiment  was  sufficiently  close.  In 
the  more  complex  cases  of  conduction  which  Fourier  considered,  it  was 
less  easy  ix>  devise  a  satisfiictory  mode  of  comparison.  But  some 
rather  curious  relations  which  he  demonstratetl  to  exist  among  the 
temperatures  at  different  points  of  an  armille,  or  ring,  afforded  a  good 
criterion  of  the  valne  of  the  calculations,  and  coafirmed  their  correct- 
ness.' 

We  may  therefore  presume  these  doctrines  of  radiation  and  con- 
duction to  be  sufficiently  established ;  and  we  may  consider  their 
application  to  any  remarkable  case  to  be  a  portion  of  the  history  of 
science.     We  proceed  to  some  such  applications. 

Sect.  4. — The  Geological  and  Cosmological  Application  of  Tkermotics, 

By  lar  the  most  important  case  to  which  conclusions  from  these  doc- 
trines have  been  applied,  is  that  of  the  globe  of  the  earth,  and  of 
those  laws  of  climate  to  which  the  modifications  of  temperature  give 
rise ;  and  in  this  way  we  arc  led  to  inferences  concerning  other  pails 
of  the  universe.  If  we  had  any  means  of  observing  these  terrestrial 
and  cosmtcal  phenomena  to  a  sufficient  extent,  they  would  be  valuable 
fecta  on  which  we  might  erect  our  theories ;  and  they  would  thus  form 
part,  not  of  the  corollaries,  hut  of  the  foundations  of  our  doctrine  of 
heat.  In  such  a  case,  the  laws  of  the  propagation  of  heat,  as  discovered 
from  experiments  on  smaller  bodies,  would  serve  to  explain  these  phe- 
nomena of  the  universe,  just  ss  the  laws  of  motion  explain  the  celes- 
tial movements.  But  since  we  are  almost  entirely  without  any  deflnito 
indications  of  the  condition  of  the  other  bodies  in  the  solar  system  as 
to  heat;  and  since,  even  with  regard  to  the  earth,  we  know  only  the 
temperature  of  the  parts  at  or  very  near  the  surface,  our  knowledge  of 
the  part  which  heat  plays  in  the  earth  and  the  heavens  mnst  be  in  a 
great  measure,  not  a  generalization  of  observed  facts,  but  a  deduction 
from  theoretical  principles.     Still,  such  knowledge,  whether  obtained 

'  Tr.dcPhys.  iv.  671.  *  Mein.  Inst.  1S16,  p.  192,  published  IBM. 
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from  observation  or  from  theory,  must  possess  great  interest  and  im- 
portance. Tte  doctrines  of  ttis  kind  wliich  we  have  to  notice  refer 
principally  to  the  effect  of  the  sun's  heat  on  the  earth,  the  laws  of 
climate, — the  thermotieiJ,  condition  of  the  interior  of  the  earth,-— and 
that  of  the  planetary  spaj:es, 

1.  Effect  of  Solar  Heat  on  the  Earth. — That  the  sun's  heat  passes 
into  the  interior  of  tlie  earth  in  a  variable  manner,  depending  upon 
the  succession  of  days  and  nights,  summers  and  winters,  is  an  obvious 
consequence  of  our  first  notions  on  tliis  subject.  The  mode  in  whicli 
it  proceeds  into  the  interior,  after  descending  below  the  surface,  re- 
mained to  be  gathered,  either  from  the  phenomena,  or  from  reasoaing. 
Both  methods  were  employed."  Sanssure  endeavored  to  trace  its 
course  by  digging,  in  1785,  and  thus  found  that  at  the  depth  of  about 
thirty-one  feet,  the  annual  variataon  of  temperature  is  about  l-13th 
what  it  is  at  the  suriace.  Leslie  adopted  a  better  method,  sinHng  the 
bulbs  of  thermometers  deep  in  the  earth,  while  their  stems  appeared 
above  the  surface.  In  1813, '16,  and '17,  he  observed  thus  the  tempera- 
tures at  the  depths  of  one,  two,  four,  and  eight  feet,  at  Ahbotshalj,  in 
Fifeshire.  The  results  showed  that  the  extreme  annua!  oscillations  of 
the  temperature  diminish  as  we  descend.  At  the  depth  of  one  foot, 
the  yearly  range  of  oscillation  was  twenty-five  degrees  (Fahrenheit) ; 
at  two  feet  it  was  twenty  degrees ;  at  four  feet  it  was  fifteen  degrees  ; 
at  eight  feet  it  was  only  nine  degrees  and  a  half.  And  the  time  at 
which  the  heat  was  greatest  was  later  and  later  in  proceeding  to  the 
lower  points.  At  one  foot,  the  maximum  and  minimum  were  three 
weeks  after  the  solstice  of  summer  and  of  winter ;  at  two  feet,  they 
were  four  or  five  weeks;  at  four  feet,  they  were  two  months ;  and  at 
eight  feet,  three  months.  The  mean  temperature  of  al!  the  thennomc- 
ters  was  nearly  the  same.  Similar  results  were  obtained  by  Ott  at 
Zurich  in  1762,  and  by  Herrenschneider  at  Straaburg  in  1831,  '2,  '3." 

These  results  had  already  been  explained  by  Fonrier's  theoiy  of 
conduction.  He  had  shown"  that  when  the  surface  of  a  sphere  is 
affected  by  a  periodical  heat,  certain  alternations  of  heat  travel  uniformly 
into  the  interior,  but  that  the  extent  of  the  alternation  diminishes  in 
geometrical  progression  ia  this  descent.  This  conclusion  applies  to 
the  effect  of  days  and  years  on  the  temperature  of  the  earth,  and  show.'; 
that  such  facts  as  those  observed  by  Leslie  are  both  exemplifications  of 

» LesUe,  art.  Climate,  Stipp,  Mne.  Brit.  119.    "  PouUlet,  MHhrol  t,  ii.  p.  C43. 
"  M^a.  Iml.  for  1S31  (published  1826),  p.  IG'i. 
Vci.  II.— 10, 
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the  general  circiimslaiices  of  the  eai'th,  and  are  perfectly  in  accordance 
with  the  principles  on  which  Fourier's  theory  rests. 

2.  Olimate. — The  term  climate,  ■which  means  indination,  was 
applied  by  the  ancients  to  denote  that  inclination  of  the  axia  of  the 
terrestrial  sphere  from  which  result  the  inequalities  of  days  in  different 
latitudes.  This  inequality  is  obviously  connected  also  with  a  difference 
of  thermotJcal  condition.  Places  near  the  poles  are  colder,  on  the 
whole,  than  places  near  the  equator.  It  was  a  natural  object  of  curi- 
osity to  determine  the  law  of  this  variation. 

Such  a  deteimination,  however,  involves  many  difficulties,  and  the 
settlement  of  several  preliminsiry  points.  How  is  the  t^mperatnre  of 
any  place  to  be  estimated  ?  and  if  we  reply,  by  its  mean  temperature, 
how  are  we  to  learn  this  mean  J  The  answers  to  such  questions 
require  very  multiplied  observations,  exact  instruments,  and  judicious 
generalizations;  and  cannot  be  given  here.  But  certain  first  approxi- 
mations may  bo  obtained  without  muclt  difficulty ;  for  instance,  the 
mean  temperature  of  any  place  may  be  taken  to  be  the  temperature 
of  deep  springs,  which  is  probably  identical  with  the  temperature  of 
the  soil  below  the  reach  of  the  annual  oscillations.  Proceeding  on 
such  facts,  Mayer  found  that  the  mean  temperature  of  any  place  was 
nearly  proportional  to  the  square  of  the  cosine  of  the  latitude.  This, 
aa  a  law  of  phenomena,  has  since  been  found  to  require  considerable 
correction ;  and  it  appeal's  that  the  mean  temperatui-e  does  not  depend 
on  the  latitude  alone,  hut  on  the  distribution  of  land  and  water,  and 
on  other  causes.  M,  de  Humboldt  has  expressed  these  deviations" 
by  his  map  of  isothermal  lines,  and  Sir  D,  Brewster  has  endeavored 
to  reduce  them  to  a  law  by  assuming  two  ^oles  of  maximum 
cM. 

The  expression  which  Fom'ier  finds"  for  the  distribution  of  heat  in 
a  homogeneous  sphere,  is  not  immediately  comparable  with  Mayei-'s 
empirical  formida,  being  obtained  on  a  certain  hj'pothesis,  namely,  that 
Uie  equator  is  iept  constantly  at  a  fixed  temperature.  But  there  is 
still  a  general  agreement ;  for,  according  to  the  theoiy,  there  is  a 
diminution  of  heat  in  proceeding  from  the  equator  to  the  poles  in  such 
a  case  ;  the  heat  is  propagated  from  the  equator  and  the  neighboring 
parts,  and  radiates  out  from  the  poles  into  the  surrounding  space. 
And  thus,  in  the  case  of  the  earth,  the  solar  heat  enters  in  the  tropical 


"  British  Aeboc  1833.    Pro£  Forbes's  Report  on  Meteorology,  p.  215. 
"  ronrier,   Mem.  Intt.  torn.  v.  p.  17S. 


d  by  Google 


CONDUCTION   AND   RADIATION.  147 

paiis,  and  constantly  flows  towards  tlie  polar  regions,  by  which  it  is 
emitted  into  the  planetary  spaces. 

Climate  is  affected  by  many  thermotio  influences,  besides  the  con- 
duction and  radiation  of  the  solid  mass  of  the  earth.  The  atmosphere, 
for  esainple,  produces  upon  terrestrial  temperatures  effects  which  it  is 
easy  to  see  are  very  great ;  but  these  it  is  not  yet  in  the  power  of  cal- 
culation to  appreciate  ;'*  and  it  is  clear  that  they  depend  upon  other 
properties  of  air  besides  its  power  to  tiansmit  heat,  "\\  t  must  ihtre- 
fore  dismiss  them,  at  least  for  the  present, 

3.  Temperature  of  the  Interior  of /Tie  Harik — Thi,  ^uestun  of  the 
temperature  of  the  interior  of  the  earth  has  esuted  gitat  interest,  m 
consequence  of  its  bearing  on  other  branches  of  knowkdge  The 
various  facts  ■which  have  been  supposed  to  indicate  the  fluiditj  of  the 
central  parts  of  the  ten-estrial  globe,  belong  in  general  to  geol  gicxl 
science ;  but  so  far  as  they  require  the  light  of  thermotical  calculations 
in  order  to  be  rightly  reasoned  upon,  they  piopeily  come  under  oui 
notice  here. 

The  principal  problem  of  this  kind  w  hich  Hts  been  trcati,  I  ot  i  this 
— If  in  the  globe  of  the  earti  there  t  a  certain  onginal  heat,  lesilt 
ing  from  its  earlier  condition,  and  independent  ol  the  action  ot  the  aun, 
to  what  results  will  this  give  rise  ?  and  how  far  do  the  observed  tem- 
peratures of  points  below  the  surface  lead  us  to  such  a  supposition ! 
It  has,  for  instance,  been  asserted,  that  in  many  parts  of  the  world  the 
temperature,  as  observed  in  mines  and  other  excavations,  increases  in 
descending,  at  the  rate  of  one  degree  (centesimal)  in  about  forty  yards. 
What  inference  does  this  justify  ? 

The  answer  to  this  question  was  given  by  Fourier  and  by  Laplaco. 
The  former  mathematician  had  already  considered  the  problem  of  the 
cooling  of  a  large  sphere,  in  his  Memoirs  of  1807, 1809,  and  1811. 
Those,  however,  lay  unpublished  in  the  archives  of  the  Institute  for 
many  years.  But  in  1820,  when  the  accumulation  of  observations 
which  indicated  an  increase  of  the  temperature  of  the  eailh  as  we 
descend,  had  drawn  observation  to  the  subject,  Fourier  gave,  in  the 
Bulletin  of  the  "Philomathic  Society,"  a  summary  of  his  results,  as  far 
as  they  bore  on  this  point.  His  conclusion  was,  that  such  an  increase 
of  temperature  in  proceeding  towards  the  centre  of  the  earth,  can  arise 
from  nothing  but  the  remains  of  a  primitive  heat ; — that  the  heat 
which  the  sun's  action  would  communicate,  would,  in  its  final  and 


'  Bullet,  des  Sc.  ISaO,  p,  68, 


d  by  Google 


148  HISTORY    OF   THKRM0TIC3. 

pciTQanent  state,  be  tinifomi  in  tlie  same  vertical  line,  as  soon  as  wo 
get  beyond  tbe  influence  of  the  superficial  oscillations  of  ivhicli  wc 
have  spoken ; — and  that,  before  tbe  distidbution  of  temperature  reaches 
this  limit,  it  will  decrease,  not  increase,  m  descending.  It  appeared 
also,  by  the  calculation,  that  this  remaining  existence  of  tbe  primitive 
heat  in  the  interior  of  tbe  earth's  mass,  was  quite  consistent  with  the 
absence  of  all  perceptible  traces  of  it  at  the  surface ;  and  that  the 
same  state  of  things  which  produces  an  increase  of  one  degree  of  heat 
in  descending  forty  yards,  does  not  mate  the  surface  a  quarter  of  a 
degree  hotter  than  it  would  otherwise  be.  Fourier  was  led  also  to 
some  conclusions,  though  neoessaiily  very  vague  ones,  respecting  the 
time  which  tbe  earth  must  have  taken  to  cool  from  a  supposed  original 
state  of  incandescence  to  its  present  condition,  which  time  it  appeared 
must  have  been  very  great;  and  respecting  the  extent  of  the  future 
cooiing  of  the  surface,  which  it  was  shown  must  be  insensible.  Every- 
thing tended  to  prove  that,  within  tbe  period  which  the  history  of  the 
human  race  embraces,  no  discoverable  change  of  temperature  had 
taken  place  irom  tbe  progress  of  this  central  cooling.  Laplace  fitrtlier 
calculated  tbe  eff'ect"  which  any  contraction  of  the  globe  of  the  earth 
by  cooling  would  produce  on  the  length  of  the  day.  He  had  ah'eady 
shown,  by  astronomical  reasoning,  that  the  day  bad  not  become  shorter 
by  l-200th  of  a  second,  since  the  time  of  Hipparchus ;  and  thus  his 
inferences  agreed  with  those  of  Fourier,  As  far  as  regards  the  small- 
ness  of  the  perceptible  effect  due  to  the  past  changes  of  the  eailh's 
le  no  doubt  that  all  the  curious  conclusions  just 
I  manner  quite  satisfactory,  from  tbe  fact  of  a 
general  increase  of  heat  in  descending  below  the  surface  of  the  earth  ; 
and  thus  our  principles  of  speculative  science  have  a  bearing  upon  the 
history  of  the  past  changes  of  the  univei'se,  and  give  us  information 
concerning  the  state  of  things  in  portions  of  time  otherwise  quite  out 
of  our  reach. 

4,  Jleai  of  the  Planetary  Spaces. — In  the  same  manner,  this  por- 
tion of  science  is  appealed  to  for  information  concerning  parts  of  space 
which  are  utterly  inaccessible  to  observation.  Tbe  doctrine  of  heat 
leads  to  conclnsions  concerning  the  temperatures  of  the  spaces  which 
surround  the  earth,  and  in  which  the  planets  of  the  solar  system 
revolve.  In  his  Memoir,  published  in  182  V'  Fourier  states  that  he 
conceives  it  to  follow  from  bis  principles,  that  tlieae  planetary  spaces 

'°   Conn.  d<is  Terns,  1323.  "  Mim.  htet.  torn.  vii.  p.  680 
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are  not  absolutely  cold,  but  Iiave  a  "  proper  heat"  independent  of  the 
snn  and  of  the  planets.  If  there  were  not  snch  a  heat,  the  cold,  of  the 
polar  r^ons  would  be  much  more  intense  than  it  is,  and  tho  altemor 
tions  of  cold  and  warmth,  arising  irom  the  influence  of  the  sun,  would 
be  far  more  extreme  and  sudden  than  we  find  tliem.  As  the  canse  of 
this  heat  in  the  planetary  spaces,  he  assigns  the  radiation  of  the  innu- 
merable stars  which  are  scattered  through  the  universe. 

Fourier  says,"  "We  conclude  from  these  various  remai'ks,  and 
principally  from  the  mathematical  examination  of  the  qnestion,"  that 
thia  is  so.  I  am  not  awai-e  that  the  oiathematJcal  calculation  which 
bears  peculiarly  upon  this  point  has  anywhere  been  pnbhshed.  But 
it  is  worth  notice,  that  Svanberg  has  been  led"  to  the  opinion  of  the 
same  temperature  in  these  spaces  which  Fourier  had  adopted  (50  cen- 
tigrade below  zero),  by  an  entirely  different  coni'se  of  reasoning, 
founded  on  the  relation  of  the  atmosphere  to  heat. 

In  speaking  of  this  subject,  I  have  been  led  to  notice  incomplete 
and  perhaps  doubtful  applications  of  the  mathematical  doctrine  of  con- 
duction and  radiation.  But  this  may  at  least  serve  to  show  that  Ther- 
motics  is  a  science,  which,  like  Mechanics,  is  to  be  established  by 
experiments  on  masses  capable  of  manipulation,  but  which,  like  that, 
has  for  its  most  important  office  the  solution  of  geological  and  cosmo- 
logical  problems.  I  now  retm'n  to  the  further  progress  of  our  thermo- 
tical  knowledge. 

Sect,  5. -~  Correction  of  Mewtoii's  I-aw  of  Cooling. 

Is  speaking  of  the  establishment  of  Jfewton's  assumption,  tiiat  the 
temperature  communicated  is  proportional  to  tlie  excess  of  temperar 
,  tore,  wo  stated  that  it  was  approximately  verified,  and  afterwards  cor- 
rected (chap,  i.,  sect.  1.),  Tliis  correction  was  the  result  of  the  re- 
searches of  MM.  Dulong  and  Petit  in  1817,  and  the  researches  by 
which  they  were  led  to  the  true  law,  are  an  admirable  example  both 
of  laborious  experiment  and  sagacious  induction.  They  experimented 
through  a  very  great  range  of  temperature  (as  high  eb  two  hundred 
and  forty  degrees  centigrade),  which  was  necessary  because  the  inac- 
curacy of  Newton's  law  becomes  considerable  only  at  high  tempera- 
tures. They  removed  the  effect  of  the  surrounding  medium,  by 
making  their  experiments  in  a  vacuum.     They  selected  with  great 

"  Mim.  But.  torn,  yii.  p.  581.  "  Borzel  Jakres  Benchl,  si.  p,  50. 


d  by  Google 


150  HISTORY   OF   THEEMOTICS, 

judgaaotit  tte  conditioiiB  of  tlieic  experimenta  iiud  foiapurisuiii.,  inakiug 
one  quantity  vary  while  the  others  remained  constant.  In  this  man- 
ner they  found,  that  the  guichness  of  rooUng  for  a  constant  excess  of 
temperature,  increases  in  geometrical  progression,  when  the  temperature 
of  the  surrounding  space  increases  in  artthmeficai  p^-ogression  ;  where- 
as, according  to  the  Newtonian  law,  this  quieknera  would  not  have 
varied  at  alL  Again,  this  variation  being  left  out  of  the  account,  it 
appeared  that  th4  quickness  of  cooling,  so  far  as  it  depends  on  flie  ex- 
cess of  temperature  of  the  hot  body,  increases  as  the  terms  of  a  geome- 
trieal  progression  diminished  by  a  constant  number,  when  the  tempera- 
ture  of  the  hot  body  increases  in  arithmetical  progression.  These  two 
laws,  with  the  coefficients  requisite  for  their  application  to  particular 
substances,  fully  determine  the  conditions  of  cooling  in  a  vacuum. 

Starting  from  this  determination,  MM.  Dulong  and  Petit  proceeded 
to  ascertain  the  effect  of  the  medium,  in  which  the  hot  body  is  placed, 
upon  its  rate  of  cooling ;  tor  this  effect  became  a  residual  phenome- 
non,"  when  the  cooling  in  the  vacuum  was  taken  away.  "We  shall  not 
here  follow  this  train  of  research ;  but  we  may  bi-iefly  state,  that  they 
were  led  to  such  laws  as  this ; — ^that  the  rapidity  of  cooling  due  to 
any  gaseous  medium  iu  which  the  body  is  placed,  is  the  same,  so  long 
as  the  excess  of  the  body's  temperature  is  the  same,  although  the  tem- 
perature itself  vary  ; — that  the  cooling  power  of  a  gas  varies  with  the 
elasticity,  according  to  a  determined  law ;  and  other  similar  rules. 

In  reference  tothe  process  of  their  induction,  it  is  worthy  of  notice, 
that  they  founded  their  reasonings  upon  Prevost's  law  of  exchanges ; 
and  that,  in  this  way,  the  second  of  their  laws  above  stated,  respecting 
the  quickness  of  cooling,  was  a  mathematical  consequence  of  the  firet. 
It  may  be  observed  also,  that  their  temperatures  are  measured  by 
means  of  the  air-thermometer,  and  that  if  they  were  estimated  on 
another  scale,  the  remarkable  simplicity  and  symmetry  of  their  results 
would  disappear.  This  is  a  strong  argument  for  believing  such  a 
measure  of  temperature  to  have  a  natural  prerogative  of  simplicity. 
This  belief  is  confirmed  by  other  considerationi  but  these,  depending 
on  the  laws  of  expansion  by  heat,  cannot  be  here  reterred  to ,  and  we 
must  proceed  to  finish  our  survey  of  the  mathematical  theory  of  heat, 
as  founded  on  the  phenomena  of  radiation  and  conduction,  which 
alone  have  as  yet  been  traced  up  to  general  principles 

We  may  observe,  before  we  quit  this  subject,  that  this  coriection  of 

»■  See  PML  Ini.  Sciences,  B.  x!ii.  o.  1,  Sect,  iv. 
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Newton's  law  will  materially  affect  tlie  mathematical  calculations  on 
tiie  subject,  which  were  made  to  depend  on  that  law  both  by  Fourier, 
Laplace,  and  Poisson.  Probably,  however,  the  general  features  of  the 
results  will  be  the  same  as  on  the  old  supposition.  M.  Libri,  an 
Italian  mathematician,  has  undertaken  one  of  the  problems  of  this 
kind,  that  of  the  armil,  with  Dulong  and  Petit's  law  for  his  basis,  in  a 
Memoir  read  to  the  Institute  of  France  in  1825,  and  since  published 
at  Florence." 

Seel.  G. —  Other  Lo.ws  of  Phawmena  with  respect  to  Radiation. 

The  laws  of  radiation  as  depending  upon  the  surfece  of  radiating 
bodies,  and  as  affecting  screens  of  various  kinds  interposed  between 
the  hot  body  and  the  thermometer,  were  examined  by  several  inquires. 
I  shall  not  attempt  to  give  an  account  of  the  latter  course  of  research, 
and  of  the  different  laws  which  luminous  and  non-lnminous  heat  have 
been  found  to  follow  in  reference  to  bodies,  whether  transparent  or 
opaque,  which  intercept  them.  Bnt  there  are  two  or  three  laws  of 
the  phenomena,  depending  upon  the  effects  of  the  surfaces  of  bodies, 
which  are  important, 

1.  In  the  first  place,  the  powers  of  bodies  to  emit  and  to  absorb 
heat,  as  far  as  depends  upon  their  surface,  appear  to  he  in  the  same 
proportion.  If  we  blacken  the  surfece  of  a  canister  of  hot  water,  it 
radiates  heat  more  copiously ;  and  in  the  same  measure,  it  is  more 
readily  heated  by  radiation. 

2.  In  the  next  place,  as  the  radiative  power  increases,  the  power  of 
reflection  diminishes,  and  the  contrary.  A  bright  metal  vessel  reflects 
much  heat ;  on  this  very  account  it  does  not  emit  much ;  and  hence 
a  hot  fluid  which  such  a  vessel  contains,  remains  hot  longer  than  it 
does  in  an  unpolished  case. 

3.  The  heat  is  emitted  from  every  point  of  the  surface  of  a  hot 
body  in  all  directions ;  but  by  no  means  in  aJ!  directions  with  equal 
intensity.  The  intensity  of  the  heating  ray  is  as  the  sine  of  the  angle 
which  it  makes  with  the  surfece. 

The  last  law  is  entirely,  the  two  former  in  a  great  measure,  due  to 
the  researches  of  Leslie,  whose  Experimental  Inquiry  into  ike  Jfafure 
and  Propagatkm  of  Heat,  published  in  1804,  contains  a  great  number 
of  carious  and  striking  results  and  speculations.     The  laws  now  jnst 

"  Mem.de  Math,  et  de  PTiys.  1829. 
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stated  bear,  in  a  very  important  manner,  upon  tlic  formation  of  tie 
theory ;  and  we  must  now  proceed  to  consider  wiiat  appeal's  to  have 
been  done  in  this  respect;  taking  into  account,  it  must  still  he  home 
in  mind,  only  the  phenomena  of  conduction  and  radiation. 


Sect.  7, — Fourier's  Theory  of  Eadtant  Heat. 

Thb  ahove  laws  of  phenomena  being  established,  it  wa  nat  1 1!  t 
pUilosophera  should  seek  to  acquire  some  conception  of  tl  ph  al 
action  by  which  they  might  account,  both  for  these  laivs,  and  f  th 
general  ftindamental  iacts  of  Thermof ics  ;  as,  for  instance,  th  ia  t  that 
all  bodies  placed  in  an  inclosed  space  assume,  in  time,  the  temperature 
of  the  inclosnre.  Fonrier's  explanation  of  this  class  of  phenomena 
mnst  be  considered  as  happy  and  successful ;  for  he  has  shown  thit 
the  supposition  to  which  we  are  led  by  the  most  simple  and  gpnci'il 
of  the  facts,  will  explain,  moreover,  the  less  obvious  laws  It  is  an 
obvious  and  general  fact,  that  bodies  which  arc  included  m  the  space 
tend  to  acquire  the  same  temperature.  And  this  identity  of  tempera 
ture  of  neighboring  bodies  requires  an  hypothesis,  which,  it  is  found, 
also  accounts  for  Leslie's  law  of  the  sine,  in  radiation 

This  hypotJiesis  is,  that  the  radiation  takes  place,  not  from  the  sur- 
face alone  of  the  hot  body,  but  from  all  patticles  situated  ^sithm  a 
certain  small  depth  of  the  surface.  It  is  easy  to  ^le'"  that,  on  this  sup 
position,  a  ray  emitted  obliquely  from  an  internal  particle,  will  be  less 
intense  than  one  sent  forth  perpendicular  to  the  sutface,  because  the 
former  will  be  intercepted  in  a  greater  degree,  having  a  greater  length 
of  path  within  the  body;  and  Fourier  shows,  that  whatever  be  the  law 
of  this  intercepting  power,  the  result  will  be,  that  the  radiative  inten- 
sity is  as  the  sine  of  the  angle  made  by  the  ray  with  the  surface. 

But  this  law  is,  as  I  have  said,  likewise  necessary,  in  order  that 
neighboring  bodies  may  tend  to  assume  the  same  temperature :  for 
instance,  in  order  that  a  small  particle  placed  within  a  sphericid 
shell,  should  finally  assume  the  temperature  of  the  shell.  If  the  law 
of  the  sines  did  not  obtain,  the  final  temperature  of  such  a  particle 
would  depend  upon  its  place  in  the  inclosnre;"  and  within  a  shell  of 
ice  we  should  have,  at  certain  points,  the  temperature  of  boiling  water 
and  of  melting  iron. 

This  proposition  may  at  first  appear  strange  and  unlikely ;  but  it  may 


.'.  1821,  p,  20-1.  -'An.  Ghim.  iv.  1817,  p.  129. 
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be  shown  to  bo  a  necessary  consequenoo  of  the  assumed  principle,  by 
very  simple  reasoning,  which  I  shal!  give  in  a  general  fonn  in  a  Note."* 
This  reasoning  is  capable  of  bein  p  eaented  n  a  manner  qnite 
satisfactory,  by  the  use  of  mathematical  y  h  1  and  proves  that  Les- 
iio's  law  of  the  sines  is  rigorously  and  a  ath  n  t  ally  t  ae  on  Fourier's 
hypothesis.  And  thus  Fourier's  theo  y  f  II  extTa-radiaiioa 
acquires  great  consistency. 

Sect.  S. — Discovery  of  Ike  Polarization  of  Heat, 

The  laws  of  which  the  discoveiy  is  stated  in  the  preceding  Sections 
of  this  Chapter,  and  the  eJiplanations  given  of  them  by  the  theories 
of  conduction  and  radiation,  all  tended  to  make  the  eonceptdon  of  a 
Diaterial  heat,  or  calorie,  communicated  by  an  actual  fiow  and  emis- 
sion, familiar  to  men's  minds  ;  and,  till  lately,  had  led  the  greater  part, 
of  thermotical  philosophers  to  entertaia  such  a  view,  as  the  most  pro- 
bable opinion  concerning  the  nature  of  heat.  But  some  steps  have 
recently  been  made  in  thermotics,  which  appear  to  be  likely  to  over- 
turn this  belief,  and  to  make  the  doctrine  of  emission  as  untenablo 
with  r^;ard  to  heat,  as  it  had  been  fonnd  to  be  with  regard  to  light. 
I  speak  of  the  discovery  of  the  polarization  of  heat.  It  being  ascer- 
tained that  rays  of  heat  are  polarized  in  the  same  manner  as  I'ays  of 


"  The  following  reasoning  may  show  the  connexion  of  the  law  of  the  sines 
ia  radiant  heat  with  the  general  principle  of  ultimate  idenfitj'  of  neigliboring 
temperafurea.  The  equilibrium  and  identity  of  temperature  between  on  inolod- 
ing  shell  and  an  included  body,  cannot  obtain  upon  the  whole,  except  it  obtain 
between  eaeh  pair  of  pui-te  of  the  two  surfaoea  of  the  body  and  of  the  shell ; 
that  is,  any  pai't  of  the  one  surface,  in  its  exchanges  with  any  part  of  the  other 
surface,  must  give  and  receive  the  aame  ([uantity  of  heat  Now  the  quantity 
exchanged,  ao  fer  aa  it  depends  on  the  receiving  surface,  will,  by  geometiy,  be 
proportional  to  the  sine  of  the  obliquity  of  that  surfeoe:  and  as,  in  the  es- 
changea,  eaob  may  be  considered  as  receiving,  the  quantity  transferred  must 
be  proportional  to  the  aines  of  the  two  obliquities ;  that  is,  tj  that  of  the  giv- 
ing as  well  as  of  the  receiving  surface. 

Nor  is  this  conclusion  disturbed  by  the  consideration,  that  all  the  rays  of  bent 
which  fall  upon  a  surface  are  not  absorbed,  some  being  refleoted  according  to 
the  nature  of  the  surface.  For,  by  the  other  above-mentioned  laws  of  pheno- 
mena, we  know  that,  in  the  a.ime  measure  ia  which  the  aurfaoe  loses  the  power 
of  admitting,  it  loses  the  power  of  emitijng,  heat ;  and  the  superficial  poi'ts  gain, 
by  absorbing  their  own  radiation,  as  much  as  they  lose  by  not  absorbing  the 
inddeut  heat ;  so  that  the  resnlt  of  the  preceding  reasoning  remains  unaltered. 
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light,  we  canuot  retain  the  doctrine  that  heat  radiates  hj  the  emaua- 
tioa  of  material  particies,  without  supposing  those  particles  of  caloric 
to  have  poles ;  an  hypothesis  which  probahly  no  ooe  would  embrace  ; 
for,  besides  that  the  ill  fortune  which  attended  that  hypothesis  in  the 
case  of  light  must  deter  speculators  from  it,  the  intimate  connexion  of 
heat  and  light  would  hardly  allow  us  to  suppose  polarization  in  the 
two  eases  to  be  produced  by  two  different  kinds  of  machinery. 

But,  witlioat  here  tracing  farther  the  influence  which  the  polariza- 
tion of  heat  must  exercise  upon  the  formation  of  our  theories  of  heat, 
we  must  briefly  notice  this  important  discovery,  as  a  law  of  pheno- 
mena. 

The  analogies  and  connexions  between  light  and  heat  are  so  strong, 
that  when  the  polarization  of  light  had  been  discovered,  men  were 
naturally  led  to  endeavor  to  ascertain  whether  heat  possessed  any 
corresponding  property.  But  partly  from  the  difficulty  of  obtaining  any 
considerable  effect  of  heat  separated  from  light,  and  paitly  from  the 
want  of  a  thermometrical  apparatus  snfflciently  delicate,  these  attempts 
led,  for  some  time,  to  no  decisive  result.  M.  Berard  took  up  the  sub- 
ject in  1813.  He  usedMalus's  apparatus,  and  conceived  that  he  found 
heat  to  he  polarized  by  reflection  at  the  surface  of  glass,  in  the  same 
manner  as  light,  and  with  the  same  circumstances.' '  But  when  Pro- 
fessor Powell,  of  Oxford,  a  few  years  later  (1830),  repeated  these  ex- 
periments with  a  similar  apparatus,  he  found"'  that  thongh  the  heat 
which  is  conveyed  along  with  light  is,  of  coarse,  polai-izable,  "  simple 
radiant  heat,"  as  he  terms  it,  did  not  offer  the  smallest  difference  in 
the  two  rectangular  azimuths  of  the  second  glass,  and  thus  showed  no 
trace  of  polarization. 

Thus,  with  the  old  tiermometers,  the  pomt  remained  doubtful. 
But  soon  after  this  time,  MM,  Melloni  and  Nobili  hivented  an  appara- 
tus, depending  on  certain  galvanic  laws,  of  which  we  shall  have  to 
speak  hereafter,  which  they  called  a  tkermomultiplier ;  and  which 
was  much  more  sensitive  to  changes  of  temperature  than  any  previ- 
ously-lnown  instrument.  Yet  even  with  this  instrument,  M.  Melloni 
foiled ;  and  did  not,  at  first,  detect  any  perceptible  polarization  of  heat 
by  the  tourmaline ;"  nor  did  M.  Nohih,"  in  repeating  M.  Berard's  ex- 
periment. But  in  this  experiment  the  attempt  was  made  to  polarize 
heat  by  reflection  from  glass,  as  light  is  polarized  :  and  the  c^uantity 


"^  Ann.  Okim.  March,  1813.    "  ^I'n.  Jiwm.  o/&ienM,  1830,  vol.  ii.  p.  303. 
"  Ann.  de  CMmie,  vol.  Iv.      *  Bibliothigue  Universelle. 


d  by  Google 


CONDUCTION  AND  RADIATION.  155 

reflected  is  so  small  that  tlie  inevitable  eiTors  might  complKtely  dis- 
gQise  the  whole  diff^crence  in  the  two  opposite  positions,  "Whoa  Trot 
Forbes,  of  Edinburgh,  (in  1834,)  employed  mica  in  the  like  experi- 
ments, he  found  a  very  decided  polarizing  effect ;  first,  when  the  heat 
was  transmitted  through  several  films  of  mica  at  a  certain  angle,  and 
aftenvards,  when  it  was  reflected  from  them.  In  this  case,  ho  found 
that  with  non-lnininons  heat,  and  even  with  the  heat  of  water  below 
the  boiling  point,  the  diflTerence  of  the  heating  power  in  the  two 
positions  of  opposite  polarity  (parallel  and  crossed)  was  manifest.  He 
also  detected  hy  careful  experiments,"  the  polarizing  effect  of  tourma- 
line. This  important  discovery  was  soon  confirmed  by  M.  Melloni. 
Doubts  were  suggested  whether  the  diff'erent  effect  in  the  opposite 
positions  might  not  be  due  to  other  circumstances ;  but  Professor 
Forbes  easily  showed  that  these  suppositions  were  inadmissible  ;  and 
the  property  of  a  difference  of  sides,  which  at  first  seemed  so  strange 
when  ascribed  to  the  rays  of  light,  also  beiongs,  it  seems  to  be  proved, 
to  the  rays  of  heat.  Professor  Forbes  also  found,  by  intei-posing  a 
plate  of  mica  to  intercept  the  ray  of  heat  in  an  intermediate  point,  an 
eff'ect  was  produced  in  certain  positions  of  the  mica  analogous  to  what 
was  cdled  depolarization  in  the  case  of  light;  namely,  a  partial 
destruction  of  the  diflerences  which  polarization  establishes. 

Before  this  discovery,  M.  Melloni  had  already  proved  by  experiment 
that  heat  is  refi-acledhy  transparent  substances  as  light  is.  In  the  case 
of  light,  the  depolaridnff  effect  was  afterwards  found  to  be  really,  as 
we  have  seen,  a  dipolarizing  effect,  the  ray  being  divided  into  two  rays 
by  double  refraction.  We  are  naturally  much  tempted  to  put  the  same 
interpretation  upon  the  dipolarizing  effect  in  the  ease  of  heat ;  but 
perhaps  the  assertion  of  the  analogy  between  light  and  heat  to  this 
extent  is  as  yet  insecure. 

It  is  the  more  necessary  to  he  cautious  in  our  attempt  to  identify 
the  laws  of  light  and  heat,  inasmuch  as  along  with  all  the  resemblance 
of  the  two  agents,  there  are  very  important  differences.  The  power 
of  transmitting  light,  the  diaphaneity  of  bodies,  is  very  distinct  from 
their  power  of  transmitting  heat,  which  has  been  called  diutkermancy 
by  M.  Melloni.  Thus  both  a  plate  of  alum  and  a  plate  of  rock-salt 
transmit  nearly  tJie  whole  light;  but  while  the  flrst  stopi  nearly  the 
whole  heat,  the  second  stops  very  little  of  it ;  and  a  plate  of  opakc 


"  Ed.  R.  S.  Tranmdioas,  vol  siv. ;  and  Fkil  Mag.  1835,  vol  v.  p.  209.   lb. 
vol  vii.  p.  S49. 
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quartz,  nearly  impcBctrable  by  liglit,  allows  a  large  portion  of  tlie  boat 
to  pass.  By  passing  lie  rays  through  vaiious  media,  the  heat  may 
be,  as  it  were,  dfted  from  the  light  -which  accompanies  it. 

[3iid  Ed.]  [The  diathermancy  of  bodies  is  distinct  fi-om  their  dia- 
phaneity, in  so  fer  ttat  the  same  bodies  do  not  exercise  the  same  powers 
of  selection  and  suppression  of  certain  rays  on  heat  and  on  light;  but 
it  appears  to  be  proved  by  the  investigations  of  modem  thermotioal 
philosophera  {MM.  De  la  Eoche,  Powell,  Melloni,  and  Forbes),  that 
there  is  a  close  analogy  between  the  absorption  of  certain  colors  by 
traiMparent  bodies,  and  the  absorption  of  certain  tinds  of  heat  by  dia- 
thermanous  bodies.  Dark  soui-ces  of  heat  emit  rays  which  are  analo- 
gous to  blue  and  violet  r'iys  of  light ;  and  highly  Imninous  sources 
emit  rays  which  are  analogous  to  red  rays.  And  by  measuring  the 
angle  of  total  reflection  for  heat  of  different  kinds,  it  has  been  shown 
that  the  former  kind  of  caloiific  tv,%  are  really  less  refrangible  than 
the  latter." 

M.  Melioni  has  assumed  this  analogy  as  so  completely  established, 
that  he  has  proposed  for  this  part  of  thermotics  the  name  Tkerrtio- 
ckrooloffy  (Qu.  Chromothermotics  f)  ;  and  along  with  this  term,  many 
others  derived  from  the  Gi-eek,  and  fonnded  on  the  same  analogy.  If 
it  shonld  appear,  in  the  work  which  he  proposes  to  publish  on  this 
subject,  that  the  doctrines  which  he  L^  to  state  cannot  easily  be  made 
intelligible  without  the  use  of  the  terms  ho  suggests,  his  nomenclature 
will  obtain  currency  ;  but  so  large  a  mass  of  etymological  innovations 
is  in  general  to  be  avoided  in  scientific  works. 

M,  Melloni's  discovery  of  the  extraordinary  power  of  roc&salt  to 
transmit  heat,  and  Professor  Forbes's  discovery  of  the  extraordinary 
power  of  mka  to  polarize  and  depolarize  heat,  have  supplied  thermo- 
tical  inqnirers  with  two  new  and  most  valuable  instrrnnente."] 

Moreover,  besides  the  laws  of  conduction  and  radiation,  many  other 
laws  of  the  phenomena  of  teat  have  been  discovered  by  philosophers  ; 
and  these  must  be  taken  into  account  in  judging  any  theory  of  heat. 
To  these  other  laws  we  must  now  turn  our  attention. 


"*  See  Prof.  Toi-bea's  TltWd  Series  of  Mcsearches  on  Heal,  Mini.  Jt.S.  Trans. 

"  Tor  an  luwomit  of  roany  thermotleal  researches,  which  I  have  teen  obliged 
to  pass  unnoticed  here,  see  two  Reports  by  Prof.  Powell  on  the  present  state 
of  our  knowledge  respecting  Radiant  Heat,  in  the  Reports  of  the  British  Anso- 
eiaiion  for  1832  and  ISiO. 
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CHAPTER   II. 
The  Laws  or  Changes  occasioned  by  IIbat. 


Seel.  1. — Mxpanmon  hy  Heat. — The  Law  of  Dallott  and  Gay-Ltissac 
for   Gases. 

ALMOST  all  bodies  expand  by  heat ;  solids,  as  metals,  in  a  small 
degree ;  fluids,  as  water,  oil,  alcohol,  mercury,  in  a  greater  degree. 
This  was  one  of  the  facts  first  examined  by  those  who  studied  the 
nature  of  heat,  because  this  property  was  used  for  the  measure  of  heat. 
In  the  Fkihsopky  of  tlie  Induelive  Sciences,  Book  iv.,  Chap,  iv.,  I 
have  stated  that  secondary  qualities,  such  as  Heat,  must  be  measured 
by  their  effects  :  and  in  Sect,  4  of  that  Chapter  I  have  given  an  account 
of  the  successive  attempts  which  have  been  made  to  obtain  measures 
of  heat.  I  have  there  also  spoken  of  the  results  which  were  obtained 
by  comparing  the  rate  at  which  the  expansion  of  different  substances 
went  on,  under  the  same  degrees  of  heat;  or  as  it  was  called,  the  dif- 
ferent tkermometrieal  march  of  each  substance.  Mercniy  appears  to 
be  the  liquid  which  is  most  uniform  in  its  thermometrical  march  ;  and 
it  has  been  taken  as  the  most  common  material  of  our  thermometers ; 
but  the  expansion  of  mercury  is  not  proportional  to  the  heat.  De  Luc 
was  led,  by  his  experiments,  to  conclude  "that  the  dilatations  of  mer- 
cary  follow  an  accelerated  mai'ch  for  equal  augmentations  of  heat." 
Dalton  conjectured  that  water  and  mercury  both  expand  as  the  sqimre 
of  the  real  temperature  from  the  point  of  greatest  contraction  :  the 
real  temperature  being  measured  so  as  to  lead  to  such  a  result.  But 
none  of  the  rules  thus  laid  down  for  the  expansion  of  solids  and  fluids 
appear  to  have  led,  as  yet,  to  any  certain  general  laws. 

With  K^rd  to  gases,  therinotical  inquirers  have  been  more  succms- 
fu3.  Gases  expand  by  heat ;  and  their  expansion  is  governed  by  a  law 
which  applies  alike  to  all  degrees  of  heat,  and  to  all  gaseous  fluids. 
The  law  is  this :  that /or  equal  increments  of  temperature  tliey  expand 
hy  the  same  fraction  of  their  own  hulk  ;  which  fraction  is  three-eighths 
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in  proceeding  from  freezing  to  boiling  water.  Tliis  law  was  discovered 
by  Dalton  and  M.  Gay-Lussac  independently  of  each  other ;'  and  is 
usually  called  by  both  their  names,  the  law  of  Ballon  and  Gay-Lusmc, 
Tile  latter  says,'  "  The  experiments  which  I  have  described,  and  which 
have  been  made  with  great  care,  prove  ineontestably  that  oxygen, 
hydrogen,  azotic  acid,  nitrons  acid,  ammoniacfd  acid,  mu  at  c  ac  d  s  1 
phnrons  acid,  carbonic  aeid,  gases,  expand  equally  by  eq  a!  crementi 
of  heat."  "  Therefore,"  he  adds  with  a  proper  inductive  oeneral  zat  on 
"  the  restdt  does  not  depend  npon  physical  properties  a  d  I  colle  t 
that  all  gases  expand  equally  hy  heat"  He  then  extends  th  s  to  apor 
as  ether.  This  mnst  be  one  of  the  most  impoi-tant  foundation  stones 
of  any  soimd  theory  of  heat, 

[2nd  Ed.]  Tet  MM.  Magnus  and  Ecgnault  conceive  that  they  have 
overthrown  this  law  of  Dalton  and  Gay-Lnssae,  and  shown  that  the 
different  gases  do  not  expand  alike  for  the  same  increment  of  heat. 
Magnus  found  the  ratio  to  be  for  atmospheric  air,  1-306  ;  for  hydrogen, 
1'365  ;  for  carbonic  aeid,  1-369  ;  for  sulphurous-acid  gas,  1-385.  But 
these  differences  are  not  greater  than  the  differences  obtained  for  the 
same  substances  by  different  observers ;  and  as  this  law  is  referred  to 
in  Laplace's  hypothesis,  hereafter  to  be  discussed,  I  do  not  treat  the 
law  as  disproved. 

Yet  that  the  rate  of  expansion  of  gas  in  certain  circumstances  is 
different  for  different  substances,  mnst  be  deemed  very  probable,  after 
Dr.  Faraday's  recent  investigations  On  the  Liguefaclion  and  Solidifi- 
cation of  Bodies  generally  exisiing  as  Gases'  by  which  it  appeara  that 
the  elasticity  of  vapors  in  contact  fidth  their  fiuids  increases  at  different 
rates  in  different  substances.  "  That  the  force,"  he  says,  "  of  vapor 
increases  in  a  geometrical  ratio  for  eqnal  increments  of  heat  is  true  for 
all  bodies,  but  the  ratio  is  not  the  same  for  all.  .  .  .  For  an  increase 
of  pressure  fix)m  two  to  six  atmospheres,  the  following  number  of 
degrees  require  to  be  added  to  the  bodies  named : — water  69°,  sulphure- 
ous acid  63°,  cyanogen  64°-5,  ammonia  60°,  arseninretted  hydrogen 
54°,  sulphuretted  hydrogen  56°-5,  muriatic  acid  43°,  carbonic  acid 
3 2"- 5,  nitrous  oxide  30°."] 

We  have  already  seen  that  the  opinion  that  the  air-thermometer  is 
a  true  measure  of  heat,  is  strongly  countenanced  by  the  symmetry 
which,  by  nsing  it,  we  introduce  into  the  laws  of  radiation.     If  wo 


'  Maneh.  Mem,  vol,  v.  1802 ;  and  Ann.  Vhim,  iliii 
^Ib,  p.  212,  'Phil.  Trans.  184 
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accept  die  law  of  Dalton  and  Gay-Lussac,  it  follows  that  this  result  is 
independent  of  any  peculiar  properties  in  tlie  air  employed ;  and  thus 
this  measure  has  an  additional  character  of  generality  and  simpMcity 
which  make  it  still  more  prohahle  that  it  is  the  true  standard.  This 
opinion  is  further  supported  by  the  attempts  to  include  such  facts  in  a 
theory  ;  hut  before  we  can  treat  of  such  theories,  we  mnst  speat  of 
some  other  doctrines  which  have  been  introdnced. 

Sf.ct.  2.-— Specific  Meat. —  Cltange  of  Consistence. 


In  the  attempts  to  obtain  measures  of  heat,  it  was  found  that  bodies 
had  different  capacities  for  heat ;  for  the  same  quantity  of  heat,  how- 
ever measured,  would  raise,  in  different  degrees,  the  temperature  of 
different  snbstances.  The  notion  of  different  capacities  for  heat  was 
thus  introduced,  and  each  body  was  tins  a^umed  to  have  a  specific 
capadUj  for  heal,  accoi-ding  to  the  quantity  of  heat  which  it  required 
to  raise  it  through  a  given  scale  of  heat.*  The  term  "  capacity  for 
heat"  was  introduced  by  Dr.  Irvine,  a  pupil  of  Dr.  Black.  For  this 
term,  Wi] eke,  the  Swedish  physicist,  substituted  "specific  heat;"  in 
analogy  with  "  specific  gravity." 

It  was  found,  also,  that  the  capacity  of  the  same  substance  was 
different  in  the  same  substanee  at  different  temperatures.  It  appears 
from  experiments  of  MM.  Dulong  and  Petit,  that,  in  general,  the 
capacity  of  liquids  and  solids  increases  as  we  ascend  in  the  scale  of 
temperature. 

But  one  of  the  most  important  thermotic  facts  is,  that  by  the 
sudden  contraction  of  any  mass,  its  temperature  is  increased,  Tiiis  is 
peculiarly  obser\'able  in  gas^  as,  for  example,  common  air.  The 
amount  of  the  increase  of  temperature  by  sudden  condensation,  or  of 
the  cold  produced  by  sudden  rarefaction,  is  an  important  datum, 
determining  the  velocity  of  sound,  as  we  have  already  seen,  and  affect- 
ing many  points  of  meteorology.  The  coefficient  which  enters  the 
calculation  in  the  former  case  depends  on  the  ratio  of  two  specific 
heats  of  air  under  different  conditions ;  one  belonging  to  it  when, 
varying  in  density,  tJie  pressure  is  constant  by  which  the  air  is  con- 
tained ;  the  other,  when,  var}ing  in  density,  it  is  contained  in  a  con- 
stant space. 

A  leading  fact,  also,  with  regard  to  tlie  operation  of  heat  on  bodies 

'  See  Crawfurd,  Oh  Heat,  fop  tha  History  of  Speeifie  Heat 
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is,  that  it  changes  their  form,  as  it  is  often  called,  that  is,  their  con- 
dition as  solid,  liquid,  or  air.  Since  the  term  "  form"  ia  employed  iTi 
too  many  and  various  senses  to  be  immediately  understood  when  it  is 
intended  to  convey  tiis  pecu/i'ar  meaning,  I  ehall  use,  instead  of  it,  the 
term  consistence,  and  shall  hope  to  be  excused,  even  when  I  apply  this 
word  to  gases,  though  I  ninst  acknowledge  such  phiaa  1  y  t  I 
unusual.  Thus  there  is  a  change  of  consistence  when  bd  b  n 
liquid,  or  liquids  gaseous ;  and  the  laws  of  such  ch  ng  n  u  t  b 
fundamental  facts  of  our  thennotical  theories.  We  a  1 11  th 
dark  as  to  many  of  the  laws  which  belong  to  this  chan  but  n  t 
them,  of  great  importance,  has  boon  discovered,  and  t  tl  t  m  t 
now  proceed. 


Sect.  3, — The  Doctrine  of  Latent  Heat. 

The  Doctrine  of  Latent  Heat  refers  to  such  changes  of  consistciiice  as 
we  have  just  spoken  of.  It  is  to  this  effect ;  that  during  the  conver- 
sion of  solids  into  liquids,  or  of  liquids  into  vapors,  there  is  com- 
municated to  the  body  heat  which  ia  not  indicated  by  the  thermo- 
meter. The  beat  is  absorbed,  or  becomes  latent ;  and,  on  the  other 
hand,  on  the  condensation  of  the  vapor  to  a  liquid,  or  the  liquid  to  a 
solid  consistency,  this  heat  is  again  given  out  and  becomes  sensible. 
Thus  a  pound  of  ice  requires  twenty  times  as  long  a  time,  in  a  warm 
room,  to  raise  its  temperature  seven  d^;rees,  as  a  pound  of  iee-eold 
water  does.  A  kettle  plaeed  on  a  fire,  ia  four  minutes  had  its  tem- 
perature raised  to  the  boiling  point,  212°  :  and  this  temperature  con- 
tinued stationary  for  twenty  minntes,  when  the  whole  was  boiled 
away.  Dr.  Black  inferred  from  these  facts  that  a  lai^e  quantity  of 
heat  is  absorbed  by  the  ice  in  becoming  water,  and  by  the  water  in 
becoming  steam.  He  reckoned  from  the  above  experiments,  that  ice, 
in  melting,  absorbs  as  much  heat  as  would  raise  ice-cold  water  through 
140"  of  temperature  :  and  that  water,  in  evaporating,  absorbs  as  much 
heat  as  would  raise  it  through  940°. 

That  snow  requires  a  great  quantity  of  heat  to  melt  it ;  that  water 
requires  a  great  quantity  of  heat  to  convert  it  into  steam ;  and  that 
this  heat  is  not  indicated  by  a  rise  in  the  thermometer,  are  iacls  which 
it  is  not  difBcuJt  to  observe  ;  but  to  separate  these  from  all  extraneous 
conditions,  to  group  the  cases  together,  and  to  seize  upon  the  general 
law  by  which  they  are  connected,  was  an  effort  of  inductive  insight, 
which  has  been  considered,  and  deservedly,  as  one  of  the  most  striking 
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events  in  the  modem  history  of  pliyaics.  Of  this  step  tlie  principal 
merit  appears  to  belong  to  Black. 

[2iid  Ed.]  [In  tlie  first  edition  I  had  mentioned  the  names  of  De 
Luc  and  of  Wilcke,  in  connexion  with  the  discovery  of  Latent  Heat, 
along  with  tlie  name  of  Black.  De  Luc  had  observed,  in  1756,  that 
ice,  in  melting,  did  not  rise  above  the  freezing-point  of  temperature  till 
the  whole  was  melted.  De  Luc  has  been  charged  with  plagiarizing 
Black's  discovery,  but,  I  think,  without  any  just  gronjid.  In  Lis  Idees 
sur  la  Mitiorologique  (1787),  he  spoke  of  Dr.  Black  as  "the  first  who 
had  attempted  the  determinations  of  the  quantities  of  latent  heat." 
And  when  Mr.  Watt  pointed  out  to  him  that  from  this  expression  it 
migfit  be  supposed  that  Black  had  not  discovered  the  fact  itself,  he 
acquiesced,  and  redressed  the  equivocal  expression  in  an  Appendix  to 
the  volume.' 

Black  never  published  his  own  account  of  the  doctrine  of  Latent 
Heat :  but  he  delivered  it  every  year  after  1760  in  his  Lectures.  In 
1770,  a  surreptitious  publication  of  his  Lectures  was  made  by  a  Lon- 
don bookseller,  and  this  gave  a  view  of  the  leading  points  of  Dr.  Black's 
doctrine.  In  1772,  Wilcke,  of  Stockholm,  read  a  paper  to  the  Royal 
Society  of  that  city,  in  which  the  absorption  of  heat  by  melting  ice  is 
described ;  and  in  the  same  year.  Do  Luc  of  Geneva  publisbed  his 
Secherches  mr  les  Modijkatwns  de  rAtmosphere,  which  has  been 
alleged  to  contain  the  doctrine  of  latent  heat,  and  which  the  author 
asserts  to  have  been  written  in  ignorance  of  what  Black  had  done. 
At  a  later  period,  De  Luc,  adopting,  in  part,  Black's  expression,  gave 
the  name  of  latent  fire  to  the  heat  absorbed." 

It  appears  that  Cavendish  determined  the  amount  of  heat  produced 
by  condensing  steam,  and  by  thawing  snow,  as  early  as  1765.  He  had 
perhaps  already  heard  something  of  Black's  investigations,  but  did 
not  accept  his  term  "  latent  heat."] 

The  consequences  of  Black's  principle  are  very  important,  for  upon 
it  is  founded  tJie  whole  doctrine  of  evaporation ;  besides  which,  the 
principle  of  ktent  heat  has  other  applications.  But  the  relations  of 
aqueous  vapor  to  air  are  so  important,  and  have  been  so  long  a  sub- 


'  SeehisXeMej' to  theEditoraottlie  Edinburgh  Jieviea,i:o.  xii.  p.  602,  of  the 
neview. 
'  See  Sd.  Bev.  No.  vi.  p.  sa 
'  See  Mr.  T.  Hnroourt's  Addresi  to  the  Brit.  Aaaoc.  in  18S9,  and  the  Ap- 
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jcot  of  speculation,  that  we  may  ■with,  advantage  dwell  a  little  upon 
them.  The  part  of  science  in  which  this  is  done  may  bo  called,  as  we 
have  said,  Atmology ;  and  to  that  division  of  Thermotics  the  follow- 
ing chapters  belong. 
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CnAPTER  III. 
The  Eslatiok  of  Vapok  and  Aik, 


Seel.  I, — The  Soylean  Law  of  the  Air^s  MusUcity. 

IN  the  Sixth  Book  (Cliap,  iv.  Sect,  i.)  we  have  already  seen  how  the 
eoneeptJon  on  the  laws  of  fluid  equilibrium  was,  by  Pascal  and 
others,  extended  to  wr,  as  well  as  water.  But  though  air  prosaea  and 
is  pressed  as  water  presses  and  is  pressed,  pressure  produces  upon  siir 
an  effect  which  it  does  not,  in  any  obvious  degree,  produce  upon 
water.  Air  which  is  pressed  is  also  compressed,  or  made  to  occupy  a 
smaller  spaee;  and  is  consequently  also  made  more  dense,  or  cowt^eresei/; 
and  on  the  other  hand,  when  the  pressure  upon  a  portion  of  air  is 
diminished,  the  air  expands  or  is  rarefied.  These  broad  facts  are  evi- 
dent. They  are  expressed  in  a  general  way  by  saying  that  air  is  an 
efosiic  fluid,  yielding  in  a  certain  degree  to  pressure,  and  recovering 
its  previous  dimensions  when  the  pressui'e  is  removed. 

But  when  men  had  reached  tliis  point,  the  questions  obvioasly 
offered  themselves,  in  what  degree  and  aecordiug  to  what  law  aii 
yields  to  pressure ;  when  it  is  compressed,  what  relation  does  the 
density  bear  to  the  pressure?  The  use  which  had  been  made  of  tubes 
containing  columns  of  mercury,  by  which  the  pressure  of  portions  of 
far  was  varied  and  measured,  suggested  obvious  modes  of  devising  ex- 
periments by  which  this  question  might  be  answered.  Such  experi- 
ments accordingly  were  made  by  Boyle  about  1650 ;  and  the  result  at 
which  he  arrived  was,  that  when  air  is  thus  compressed,  the  density  is 
as  the  pressure.  Thus  if  the  pressure  of  the  atmosphere  in  its  common 
state  bo  equivalent  to  30  inches  of  mercury,  as  shown  by  the  barome- 
ter ;  if  air  included  in  a  tube  be  pressed  by  30  additional  inches  of 
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mercury,  its  density  will  be  doubled,  the  air  being  compressed  into 
one  half  the  space.  If  the  pressure  be  increased  threefold,  tlie  densi- 
ty is  also  trebled ;  and  so  on.  The  same  law  was  soon  afterwards  (in 
1676)  proved  experimentally  by  Maiiotte.  And  this  Jaw  of  the  air's 
elasticity,  that  the  density  is  as  the  pressure,  is  sometimes  called  the 
Boylean  Law,  and  sometimes  the  Law  of  Boyle  and  Mariotte. 

Air  retains  its  aerial  character  permanently ;  but  there  are  other 
aerial  substances  which  appear  as  such,  and  then  disappear  or  change 
into  some  other  condition.  Such  are  termed  vapors.  And  the  dis- 
covery of  their  true  relation  to  air  was  the  result  of  a  long  course  of 
researches  and  speculations. 

[2nd  Ed.]  [It  was  found  by  M.  Cagniard  dc  la  Tour  (ia  1823),  that 
at  a  certain  temperature,  a  liijuid,  under  sufficient  pressure,  becomes 
clear  transparent  vapor  or  gaa,  having  the  same  buUc  as  the  liquid. 
This  condition  Dr.  Faraday  calls  the  Oagniard  de  la  Tour  state,  (the 
Tourian  state  ?)  It  was  also  discovered  by  Dr.  Faraday  that  carbonic- 
acid  gas,  and  many  other  gases,  which  were  long  conceived  to  be  per- 
manently elastic,  are  really  reducible  to  a  liquid  state  by  pressure.' 
And  in  1835,  M.  Thilorier  found  the  means  of  reducing  liquid  carbo- 
nic acid  to  a  solid  form,  by  means  of  the  cold  produced  in  evaporation. 
More  recently  Dr.  Faraday  has  added  several  substances  usually  gaseous 
to  the  list  of  those  which  could  previously  be  shown  in  the  liquid 
state,  and  has  reduced  others,  ineluding  ammonia,  nitrous  oxide,  and 
sulphuretted  hydr(^en,  to  a  solid  consistency.'  After  these  discoveries, 
we  may,  I  think,  reasonably  doubt  whether  all  bodies  are  not  capable 
of  existing  in  the  three  consistencies  of  solid,  liquid,  and  air. 

We  may  note  that  the  law  of  Boyle  and  Mariotte  is  not  exactly 
true  near  the  limit  at  which  the  air  passes  to  the  liquid  state  in  such 
cases  as  that  just  spotcn  of.  The  diminution  of  bulk  is  then  more 
rapid  than  the  increase  of  pressure. 

The  transition  of  fluids  from  a  liquid  to  an  airy  consistence  appears 
to  be  accompanied  by  other  curious  phenomena.  See  Prof.  Forbes's 
papers  on  the  Color  of  Steam  under  certain  circumstances,  and  on 
the  Colors  of  the  Atmosphere,  in  the  £din.  Tram.  voL  xiv.] 

■  Phil.  Trail).  1823.  '  lb.  Pt.  l  1816. 
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Seel.  2.— Prelude  to  Dalton's  Doctrine  of  Eoaporation. 

Visible  clouds,  smoke,  distillation,  gave  the  notion  of  Vapor ;  vapor 
was  at  first  conceived  to  be  identical  with  air,  as  by  Bacon,'  It  was 
easily  collected,  that  by  heat,  water  might  be  convert«d  into  vapor. 
It  was  thought  that  air  was  thus  produced,  in  the  insti'ument  called 
the  osolipile,  in  which  a  powerful  blast  is  caused  by  a  boiling  fluid ;  but 
Wolfe  showed  that  the  fluid  was  not  converted  into  aiv,  by  using  cam- 
phorated Bpirit  of  wine,  atid  condensing  the  vapor  after  it  had  been 
formed.  We  need  not  enumerate  the  doctrines  (if  very  vague  hypo- 
theses may  toe  so  termed)  of  Descartes,  Dechales,  Eorelli.'  The  latter 
accounted  for  the  rising  of  vapor  by  supposing  it  a  mixture  of  fire  and 
water ;  and  thus,  fire  being  much  lighter  than  air,  tlie  mixture  also 
was  JighL  Boyle  endeavored  to  show  that  vapors  do  not  pennanentJy 
float  in  vacno.  He  compared  the  mixture  of  vapor  with  air  to  that 
of  salt  with  water.  He  found  that  the  pressure  of  the  atmosphere 
afiected  the  heat  of  boiling  water ;  a  very  important  fact.  ]Joyle 
proved  tiiis  by  means  of  the  air-pump ;  and  he  and  his  friends  were 
much  surprised  to  find  that  when  air  was  removed,  water  only  just 
warm  boiled  violently.  Huyghens  mentions  an  experiment  of  the 
same  kind  made  by  Papin  about  16'73. 

The  ascent  of  vapor  was  explained  in  various  ways  in  succession, 
according  to  the  changes  which  physical  science  underwent.  It  was  a 
problem  distinctly  treated  of,  at  a  period  when  hydrostatics  had 
accounted  for  many  phenomena ;  and  attempts  were  naturally  made 
to  reduce  tliis  fact  to  hydrostatical  principles.  An  obvious  hypothesis, 
which  brought  it  under  the  dominion  of  these  principles,  was,  to  sup- 
pose that  the  water,  when  converted  into  vapor,  was  divided  into 
small  hollow  globules ; — thin  pellicles  including  air  or  heat,  Halley 
gave  such  an  explanation  of  evaporation;  Leibnitz  calculated  the 
dimensions  of  these  little  bubbles ;  Derham  managed  (as  he  supposed) 
to  examine  them  with  a  magniiying  glass :  Wolfe  also  examined  and 
calculated  on  the  same  subject.  It  is  curious  to  see  so  much  confi- 
dence in  so  lame  a  theory;  for  if  water  became  hollow  globules  in 
order  to  rise  as  vapor,  we  require,  in  order  to  explain  the  formation  of 
V  laws  of  nature,  which  are  not  even  hinted  at  by 


'  Baoon's  Hia.  Nat.  Cent  i.  p.  27. 

'  They  may  bo  seen  in  Fisoher,  Geechichte  dsr  Fhysik,  vol.  ii.  p.  1T5. 
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till!  supporter  of  tlie  doctrine,  though  tlioy  must  be  fiti'  more  complex 
tlian  the  hydrcetatical  law  by  which  a  hollow  sphere  floats. 

Newton's  opinion  was  hardly  more  satisfectory ;  he'  explained  eva- 
poration by  the  repulsive  power  of  heat;  the  pai-ts  of  vapors,  accord- 
ing to  him,  being  small,  are  easily  affected  by  this  force,  and  thus 
become  lighter  than  the  atmosphere. 

Muschenbroek  still  adhered  to  the  theory  of  globules,  as  the  expla- 
nation of  evaporation ;  but  he  was  manifestly  discontented  with  it ;  and 
reasonably  apprehended  that  the  pressure  of  the  air  would  destroy  the 
frail  texture  of  these  bubbles.  He  called  to  his  aid  a  rotation  of  the 
globules  (which  Descartes  also  had  assumed)  ;  and,  not  satisfied  with 
this,  threw  himself  on  electrical  action  as  a  reserve.  Electricity, 
indeed,  was  now  in  favor,  as  hydrostatics  had  been  before ;  and  was 
naturally  called  in,  in  all  cases  of  difficulty.  Desaguliera,  also,  uses 
this  i^ent  to  account  for  the  ascent  of  vapor,  introducing  it  into  a  kind 
of  aesnal  system  of  clouds ;  according  to  him,  the  male  fire  (heat) 
does  a  part,  and  the  female  fire  (electricity)  performs  the  rest.  These 
are  speculations  of  small  merit  and  no  value. 

In  the  mean  time,  Chemistry  made  great  progress  in  the  estimation 
of  philosophers,  and  had  its  turn  in  the  explanation  of  the  important 
facts  of  evaporation.  Bouillet,  who,  in  1V42,  placed  the  particles  of 
water  in  the  interstices  of  those  of  air,  may  be  considered  as  approach- 
ing to  the  cliemical  theory.  In  1743,  the  Academy  of  Sciences  of 
Bourdeaux  proposed  the  ascent  of  vapors  as  the  subject  of  a  prize; 
which  was  adjudged  in  a  manner  very  impartial  as  to  the  choice  of  a 
theory ;  for  it  was  divided  between  Kratzenstein,  who  advocated  the 
bubbly  (the  coat  of  which  he  determined  to  be  l-.'>0,000th  of  an  inch 
thick,)  and  Hamberger,  who  maintained  the  truth  to  be  the  adhesion 
of  particles  of  water  to  those  of  air  and  fire.  The  iatt«T  doctrine  had 
become  much  more  distinct  in  the  author's  mind  when  seven  years 
afterwards  (1750)  he  published  his  Elementa  Physiees,  He  then  gave 
the  explanation  of  evaporation  in  a  phrase  which  has  since  been 
adopted, — the  solution  of  water  in,  air  •  which  he  conceived  to  be  of 
the  same  kind  as  other  chemical  solutions. 

This  theory  of  solution  was  further  advocated  and  developed  by  Lo 
Roi ;'  and  in  his  hands  assumed  a  form-  which  has  been  extensively 
adopted  up  to  our  times,  and  has,  in  many  instances,  tinged  the 
mmonly  used.     He  conceived  that  air,  like  other  solvents, 
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might  be  saturated  ;  and  tliat  when  the  water  was  beyond  the  amonnt 
required  for  saturation,  it  appeared  in  a  visible  form.  The  saturating 
quantity  was  held  to  depend  mainly  on  warmth  and  wind. 

This  theory  was  by  no  means  devoid  of  merit;  for  it  brought 
together  many  of  the  phenomena,  and  expl^ned  a  number  of  the  espe- 
riments  which  Le  Eoi  made.  It  explained  the  iacta  of  the  transparency 
of  vapor,  (for  perfect  solutions  aro  transparent,)  the  precipitation  of 
water  by  cooling,  the  disappearance  of  the  visible  moisture  by  warming 
it  ^ain,  the  increased  evaporation  by  rain  and  wind;  and  other 
observed  phenomena,  80  fiu,  therefore,  the  introduction  of  tte  notion 
of  the  chemical  solution  of  water  in  air  was  apparently  very  successful. 
But  ita  defects  are  of  a  very  fatal  kind  ;  for  it  does  not  at  all  apply  to 
the  fects  which  take  place  when  air  is  excluded. 

In  Sweden,  in  the  mean  time,'  the  subject  had  been  pui-sued  in  a 
different,  and  in  a  more  correct  manner,  Wallenus  Ericsen  had,  by 
various  experiments,  established  the  important  fact,  that  water  evapo- 
rates in  a  vacuum.  His  experimenta  are  clear  and  satislactory ;  and 
bo  inferred  from  them  the  falsity  of  the  conunon  explanation  .if  evapo- 
ration by  the  solution  of  water  in  air.  His  conclusions  are  drawn  in  a 
very  intelligent  manner.  He  considers  the  question  whether  water  can 
be  changed  into  air,  and  whether  the  atmosphere  is,  in  consequence,  a 
mere  collection  of  vapors ;  and  on  good  reasons,  decides  in  the  nega- 
tive, and  concludes  the  existence  of  permanently-elastic  air  different 
from  vapor.  He  judges,  also,  that  there  are  two  causes  concerned,  one 
acting  to  produce  the  first  ascent  of  vapors,  the  other  to  support  them 
afterwards.  The  first,  which  acts  in  a  vacuum,  he  conceives  to  be  the 
mutual  repulsion  of  the  particles;  and  since  this  tbrce  is  independent 
of  the  presence  of  other  substances,  this  seems  to  be  a  sound  induction. 
When  the  vapors  have  once  ascended  into  the  air,  it  may  readily  be 
granted  that  they  are  carried  higher,  and  driven  from  side  to  side  by 
the  currents  of  the  atmosphere,  "Wailerius  conceives  that  the  vapor 
will  rise  till  it  gets  into  air  of  the  same  density  as  itself  and  being  then 
in  equOibrium,  will  drift  to  and  fro. 

The  two  rival  theories  of  evaporation,  that  of  chemical  solution  and 
that  of  ind^mdent  vapor,  were,  in  various  forms,  advocated  by  the 
next  generation  of  philosophers.  De  Saussure  may  be  considered  as 
the  leader  on  one  side,  and  De  Luc  on  the  other.  The  former  main- 
tained the  solution  theory,  with  some  modifications  of  his  own.     De 
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Luc  denied  all  solution,  and  held  vapor  to  be  a  combination  of  the 
particles  of  water  with  fire,  by  which  they  became  hghter  than  air. 
According  to  him,  there  is  always  fire  enough  present  to  produce  this 
combination,  so  that  evaporation  goes  on  at  all  temperatures. 

This  mode  of  considering  independent  vapor  as  a  combination  of 
fire  with  water,  led  the  attention  of  tiose  who  adopted  that  opinion  to 
the  thermometrica!  changes  which  take  place  when  vapor  is  formed 
and  condensed.  These  changes  are  important,  and  their  laws  curious. 
The  laws  belong  to  the  induction  of  latent  teat,  of  which  we  have 
JDst  spoken ;  but  a  knowledge  of  them  is  not  absolutely  necessary  in 
order  to  enable  ua  to  understand  the  manner  in  which  steam  exists  in 

De  Luc's  views  led  him'  also  to  the  consideration  of  the  effect  of 
pressure  on  vapor.  He  explains  the  fact  that  pressure  will  condense 
vapor,  by  supposing  that  it  brings  the  particles  within  the  distance  at 
which  the  repulsion  arising  from  fire  ceases.  In  this  way,  he  also 
explains  the  fact,  that  though  external  pressure  does  thus  condense 
steam,  the  mixture  of  a  body  of  air,  by  which  the  pressure  is  equaUy 
increased,  will  not  produce  the  same  effect;  and  therefore,  vapors  can 
exist  in  the  atmosphere.  They  make  no  fixed  proportion  of  it;  but  at 
the  same  temperature  we  have  the  same  pressure  arising  from  them, 
whether  they  are  in  air  or  not.  As  the  heat  increases,  vapor  becomes 
capable  of  supporting  a  greater  and  greater  pressure,  and  at  the 
boiling  heat,  it  can  support  the  pressure  of  the  atmosphere. 

De  Luc  also  marked  very  precisely  (as  Wallerius  had  done)  the  dif- 
ference between  vapor  and  air ;  the  former  being  capable  of  change  of 
condstence  by  cold  or  pressure,  the  latter  not  so.  Pictet,  in  1786, 
made  a  hygrometrical  experiment,  which  appeared  to  him  to  confirm 
De  Luc's  views;  and  De  Luc,  in  1T92,  published  a  concluding  essay 
on  the  subject  in  the  PkUosophieal  Transactions.  Kctet's  Essay  on 
Fire,\n.l'l^l,  also  demonstrated  that  "  all  the  train  of  hygrometrical 
phenomena  takes  place  just  as  well,  indeed  rather  quicker,  in  a  vacuum 
than  in  air,  provided  the  same  quantity  of  moisture  is  present."  This 
essay,  and  Do  Luc's  paper,  gave  the  death-blow  to  the  theory  of  the 
solution  of  water  in  air. 

Yet  this  theory  did  not  fall  withoat  an  obstinate  struggle.  It  was 
taken  up  by  the  new  school  of  French  chemists,  and  connected  with 
tleir  views  of  heat.      Indeed,  it  long  appears  as  the  prevalent  opinion. 
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Girtenner,"  in  his  Grounds  of  Uie  Anliplilogisiic  Theory,  may  be  con- 
sidered aa  one  of  the  principal  expounders  of  this  view  of  tlie  matter. 
Hube,  of  "Warsaw,  was,  however,  the  strongest  of  the  defenders  of  the 
theory  of  soiution,  and  published  upon  it  repeatedly  about  17&0.  Yet 
he  appears  to  have  been  somewhat  embarrassed  with  the  increase  of 
the  air's  elasticity  by  vapor.  Parrot,  in  1801,  proposed  another 
theory,  maintaining  that  De  Luc  had  by  no  means  successtuUy  attacked 
that  of  sointion,  but  only  De  Sanssure's  superfluous  additions  to  it. 

It  is  difficult  to  see  what  prevented  the  general  reception  of  the 
doctrine  of  independent  vapor ;  since  it  explained  all  the  facts  veiy 
simply,  and  the  agency  of  air  was  shown  over  and  over  again  to  be 
unnecessary.  Yet,  even  now,  the  solution  of  water  in  air  is  hardly 
exploded.  M,  Gay  Lussac,"  in  1800,  talks  of  the  quantity  of  water 
"held  in  solution"  by  the  air;  which,  he  says,  varies  according  to  its 
temperature  and  density  by  a  law  which  has  not  yet  been  discovered. 
And  Professor  Robison,  in  the  article  "  Steam,"  in  the  Shicifeloj>mdia 
Britannica  (published  about  1800),  says,"  "Many  philosophers  ima- 
gine that  spontaneous  evaporation,  at  low  temperatures,  is  produced  iu 
this  way  (by  elasticity  alone).  But  we  cannot  be  of  this  opinion ;  and 
must  still  think  that  this  kind  of  evaporation  is  produced  by  the  dis- 
solving power  of  the  air."  He  then  gives  some  reasons  for  his  opinion. 
"  When  moist  air  is  suddenly  rarefied,  there  is  always  a  precipitation 
of  water.  But  by  this  new  doctrine  the  very  contrary  should  happen, 
because  the  tendency  of  water  to  appear  in  the  elastic  form  is  promot- 
ed by  removing  the  external  preissure."  Another  main  difficulty  in 
the  way  of  the  doctrine  of  the  mere  mixture  of  vapor  and  air  was  sup- 
posed to  be  this ;  that  if  they  were  so  mixed,  the  heavier  fluid  Would 
take  the  lower  part,  and  the  lighter  the  higher  part,  of  the  space  which 
they  occupied. 

The  former  of  these  arguments  was  repelled  by  the  consideration 
that  in  the  rarefaction  of  air,  its  specific  heat  is  changed,  and  thus  its 
temperature  reduced  below  the  constituent  temperature  of  the  vapor 
which  it  contains.  The  latter  argument  is  answered  by  a  reference  to 
Dalton's  law  of  the  mixture  of  gases.  We  must  consider  the  esta- 
blishment of  this  doctrine  in  a  new  section,  as  the  most  material  step 
to  the  true  notion  of  evaporation. 

'  Fischer,  toL  vii.  413.  '"  Ann.  Chhn.  torn,  sliii 
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Sect.  3. — Ballon's  Doctrine  of  Evaporation, 

A  PORTiOK  of  that  which  appears  to  be  tlie  true  notion  of  evaporation 
was  kDOwi),  with  greater  or  less  distijictness,  to  several  of  the  physical 
philosophers  of  whom  we  have  spoken.  They  were  aware  that  the 
vapor  which  exists  in  air,  in  an  invisible  state,  may  be  condensed  into 
water  by  cold :  and  they  had  noticed  tiat,  in  any  state  of  the  atmo- 
sphere, there  is  a  certain  temperature  lower  than  tliat  of  the  atmo- 
sphere, to  which,  if  we  depress  bodies,  water  forms  upon  them  in  fine 
drops  like  dew ;  this  temperature  is  thence  called  the  dew-point.  The 
vapor  of  water  which  exists  anywhere  may  be  reduced  below  the 
degree  of  heat  which  is  necessary  to  constitute  it  vapor,  and  thus  it 
ceases  to  be  vapor.  Hence  this  temperature  is  also  called  the  consti- 
tuent temperature.  This  was  generally  known  to  the  meteorological 
speculators  of  the  last  century,  although,  in  England,  attention  was 
principally  called  to  it  by  Dr.  Wells's  Essay  ore  Dew,  in  1814.  This 
doctrine  readily  explains  how  the  cold  produced  by  rarefaction  of  air, 
descending  below  the  constituent  temperature  of  the  contained  vapor, 
may  precipitate  a  dew  ;  and  thus,  as  we  have  said,  refutes  one  obvious 
objection  to  the  theory  of  independent  vapor. 

The  other  difficulty  was  first  fully  removed  by  Mr.  Dalton.  When 
his  attention  was  drawn  to  the  subject  of  vapor,  he  saw  insurmountable 
objections  to  the  doctrine  of  a  chemical  union  of  water  and  air.  In 
6ict,  this  doctrine  was  a  mere  nominal  explanation ;  for,  on  closer  ex- 
amination, no  chemical  analogies  supported  it.  After  some  reflection, 
and  in  the  sequel  of  other  generalizations  concerning  gases,  he  was  led 
to  the  persuasion,  that  when  air  and  steam  are  mixed  together,  each 
follows  its  separate  laws  of  equilibrium,  the  particles  of  each  being 
elastic  with  regard  to  those  of  their  own  kind  only  :  so  that  steam 
may  be  conceived  as  flowing  among  the  particles  of  air"  "  like  a 
stream  of  water  among  pebbles  ;"  and  the  resistance  which  air  offers 
to  evaporation  arises,  not  from  its  weight,  but  from  the  inertia  of  its 
particles. 

It  will  be  found  that  the  theory  of  independent  vapor,  understood 
with  these  conditions,  will  include  all  the  fects  of  the  case ; — gradual 
evaporation  in  air ;  sudden  evaporation  in  a  vacuum ;  the  increase  of 
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the  air's  elasticity  by  vapor ;  condensation  by  its  varioua  causes  ;  and 
other  pbenomena. 

But  Mr.  Dalton  also  made  experiments  to  prove  bis  fundamental 
principle,  that  if  two  different  gases  communicate,  they  will  diffuse 
themselves  throngli  eacli  other  ;" — slowly,  if  the  opening  of  commu- 
nication be  small.  He  observes  also,  that  all  the  gases  had  equal  sol- 
vent powers  for  vapor,  which  could  hardly  have  happened,  had  che- 
mical affinitj'  been  concerned.  Nor  does  the  density  of  the  air  mate 
any  difference. 

Taking  all  these  circumstances  into  the  account,  Mr,  Dalton  aban- 
doned the  idea  of  solution.  "In  the  autumn  of  1801,"  ho  says,  "I  hit 
upon  an  idea  which  seemed  to  be  exactly  calculated  to  explain  the 
phenomena  of  vapor  :  it  gave  rise  to  a  great  variety  of  experiments," 
which  ended  in  fixing  it  in  his  mind  as  a  true  idea.  "  But,"  he  adds, 
"  the  theory  was  almost  universaily  misunderstood,  and  consequently 
reprobated." 

Mr.  Dalton  answera  various  objections,  BerthoUet  had  urged  that 
we  can  hardly  conceive  the  particles  of  an  elastic  substance  added  to 
those  of  another,  without  increasing  its  elasticity.  To  this  Mr.  Dalton 
replies  by  adducing  the  instance  of  magnets,  which  repel  each  .other, 
bat  do  not  repel  other  bodies.  One  of  the  most  cnrions  and  ingenious 
objections  is  that  of  M.  Gough,  who  argues,  that  if  each  gas  is  elastic 
with  regard  to  itself  alone,  we  should  hear,  produced  by  one  stroke,  four 
sounds ;  namely,  firsts  the  sound  through  aqueous  vapor ;  second,  the 
sound  through  azotic  gas;  third,  the  sound  through  oxygen  gas; 
fourth,  the  sonnd  thvongh  carbonic  acid.  Mr.  Dalton's  answer  is,  that 
the  difference  of  time  at  which  these  sounds  would  come  is  very  small ; 
and  that,  in  fact,  we  do  hear,  sounds  double  and  treble. 

In  his  2few  System  of  Chemical  Philosophy,  Mr.  Dalton  considers 
the  objections  of  his  opponents  with  singular  candor  and  impartiality. 
He  there  appears  disposed  to  abandon  that  part  of  the  theory  which 
negatives  the  mntnal  repulsion  of  the  particles  of  the  two  gases,  and 
to  attribute  their  diffusion  through  one  another  to  the  different  size  of 
the  particies,  which  would,  he  thinks,"  produce  the  same  effect. 

In  selecting,  as  of  permanent  importance,  the  really  valuable  part  of 
this  theory,  we  must  endeavor  to  leave  out  all  that  is  doubtful  or  un- 
proved.    I  believe  it  will  be  found  that  in  all  theories  hitherto  promul- 
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gated,  all  assertions  respecting  tlie  properties  of  the  particles  of  bodies, 
tlieir  sizes,  distances,  attractions,  and  the  like,  are  insecure  and  stiper- 
fluoua.  Passing  over,  then,  such  hypotheses,  the  inductions  which 
remain  are  these ; — that  two  gases  which  are  in  commimication  will, 
by  the  elasticity  of  each,  diffuse  themselves  in  one  another,  quickly  or 
slowly ;  and — that  the  quantity  of  steam  contained  in  a  certain  space 
of  air  is  the  same,  whatever  be  the  air,  whatever  bo  its  density,  and 
even  if  there  be  a  vacuum.  These  propositions  may  be  included 
together  by  saying,  that  one  gas  is  mechanieally  mixed  with  another ; 
and  we  cannot  but  assent  to  what  Mr,  Dalton  says  of  the  latter  fact, — 
"this  is  certainly  the  touchstone  of  the  mechanical  and  chemical 
theories."  This  doctrine  of  the  mechanical  mixture  of  gases  appears  to 
supply  answers  to  all  the  difficulties  opposed  to  it  by  Berthollet  and 
others,  as  Mr,  Dalton  has  shown ;"  and  we  may,  therefore,  accept  it  as 
well  established. 

This  doctrine,  along  with  the  principle  of  the  constituent  tempera- 
ture of  steam,  is  applicable  to  a  large  series  of  meteorological  and  other 
consequences.  But  before  considering  the  applications  of  theory  to 
natural  phenomena,  which  have  been  made,  it  will  be  proper  to  speak 
of  researches  which  were  carried  on,  in  a  great  measure,  in  conseqnence 
of  the  use  of  steam  in  the  arts :  I  mean  the  laws  which  connect  ita 
elastic  force  with  its  constituent  temperature. 

Sect.  4. — Determination,  of  the  Laws  of  the  Elastic  Force  of  Steam. 

The  expansion  of  aqueous  vapor  at  different  temperatures  is  governed, 
like  that  of  all  other  vapors,  by  the  law  of  Dalton  and  Gay-Lussac, 
already  mentioned  ;  and  from  this,  its  elasticity,  when  its  expansion  is 
resisted,  will  be  known  by  the  law  of  Boyle  and  Mariotte ;  namely,  by 
the  rule  that  the  pressure  of  airy  fluids  is  as  the  condensation.  But  it 
is  to  be  observed,  that  this  process  of  calculation  goes  on  the  sup- 
position that  the  steam  is  cut  off  from  contact  with  water,  so  that  no 
more  steam  can  be  generated ;  a  case  quite  different  from  the  common 
one,  in  which  the  steam  is  more  abundant  as  the  heat  is  greater.  The 
examination  of  the  force  of  vapor,  when  it  is  in  contact  with  water, 
must  be  briefly  noticed. 

During  the  period  of  which  we  have  been  speaking,  the  progress  of 
the  investigation  of  the  laws  of  aqneous  vapor  was  much  accelerated 
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by  the  growing  importance  of  tlie  ateam-engiQe,  in  whiL'h  tlioso  laws, 
operated  in  a  practical  form,  James  AVatts,  the  main  improver  of 
that  machine,  was  thus  a  great  contributor  to  speculative  knowledge, 
aa  well  as  to  practical  power.  Many  of  his  improvements  depended 
ou  the  laws  which  regulate  the  quantity  of  heat  which  goes  to  the 
formation  or  condensation  of  steam ;  and  the  observations  which  led 
to  these  improvements  enter  into  the  induction  of  latent  heat.  Mea- 
surements of  the  force  of  steam,  at  all  temperatures,  were  made  with 
the  same  view,  Watts's  attention  had  been  drawn  to  the  steam-engine 
in  1'759,  by  Eobison,  the  former  being  then  an  instmment-maker,  and 
the  latter  a  student  at  the  University  of  Glasgow."  In  1761  or  1'762, 
be  tried  some  expenmente  on  the  force  of  steam  in  a  Papin's  Diges- 
ter ;"  and  formed  a  sort  of  working  mode!  of  a  steam-engine,  feeling 
already  hia  vocation  to  develope  the  powers  of  that  invention. ,  His 
knowledge  was  at  that  time  principally  derived  from  Desaguhera  and 
Belidor,  but  bis  own  experiments  added  to  it  rapidly.  In  1764  and 
1765,  be  made  a  more  systematical  course  of  experiments,  directed  to 
ascertain  the  force  of  steam.  He  tried  this  force,  however,  only  at 
temperatures  above  the  boiling-point;  and  inferred  it  at  lower  degrees 
from  the  supposed  continuity  of  the  law  thus  obtained.  His  friend 
Eobison,  also,  was  soon  aft«r  led,  by  reading  the  account  of  some  expe- 
riments of  Lord  Charles  Cavendish,  and  some  others  of  Mr.  Naimo,  to 
examine  the  same  subject.  He  made  out  a  table  of  the  correspondence 
of  the  elasticity  and  the  temperature  of  vapor,  from  thirty-two  to  two 
hundred  and  eighty  degrees  of  Fahrenheit's  thermometer."  The 
thing  hero  to  be  remarked,  is  the  establishment  of  a  law  of  the  pres- 
sure of  steam,  down  to  the  freezing-point  of  water.  Ziegler  of  Basle, 
in  1769,  and  Achard  of  Berlin,  in  1*782,  made  similar  experiments. 
The  latter  examined  also  the  elasticity  of  the  vapor  of  alcohol,  Ee- 
tancourt,  in  1793,  published  bis  Memoir  on  the  expansive  fwce  of 
vapors;  and  his  tables  were  for  some  time  considered  the  most  exact. 


"  RobiBon's  Works,  voL  ii.  p.  118. 

"  Denis  Papin,  wlio  made  many  of  Boyle's  espei'inieata  for  him,  liad  disco- 
vered that  it  the  vapor  be  prevented  from  rising,  the  waterbecomea  hotter  than 
tbe  usual  boiling-point ;  and  had  heaoe  invented  the  instrument  called  Papin's 
JHgftter.  It  is  deaoribed  in  his  book,  La  maniire  iTamoUT  hs  oi  ei  defairt 
cmre  (oirfes  sortade  viandio  en  fort  pea  de  temps  et  a  pew  dsfraU.     Paris,  1682. 

"These  were  afterwards  published  in  the  Encyclopedia  Britartnica  ;  in  the 
article  "  Steam,"  written  by  Bobisoii. 
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F[ony,m\nn  ArchiiectKre  If^drauUque  (I'lQQ'),  established  a  matte- 
matical  formula,"  on  the  experiments  of  Betarcourt,  who  began  his 
researches  in  the  behef  that  he  was  first  in  the  field,  although  he 
afterwards  found  that  he  had  been  anticipated  by  Ziegler.  Gren  com- 
pared the  experiments  of  Bctancourt  and  De  Luc  with  his  own.  He 
ascertained  an  important  fiict,  that  when  water  bmls,  the  elasticity  of 
the  steam  is  equal  to  tJiat  of  tie  atmosphere.  Schmidt  at  Gicssen 
endeaTOved  to  improve  the  apparatus  used  by  Betaneourt ;  and  Biker, 
of  Rotterdam,  in  1800,  made  new  trials  for  the  same  purpose. 

In  1801,  Mr.  Dalton  communicated  to  the  Philosophical  Society  of 
Manchester  his  investigations  on  this  subject;  observing  truly,  that 
though  the  forces  at  high  temperatures  arc  most  important  when 
steam  is  considered  as  a  mechanical  agent,  the  progress  of  philosophy 
is  more  immediately  interested  in  accurate  observations  on  the  force 
at  low  temperatures.  He  also  found  that  his  elasticities  for  equidis- 
tant temperatures  resembled  a  geometrical  progression,  but  with  a  ratio 
constantly  diminishing.  Dr.  Ure,  in  1818,  published  in  the  Philoso- 
phical Transactions  of  London,  experiments  of  the  same  kind,  valua- 
ble from  the  high  temperatures  at  which  they  were  made,  and  for  the 
simplicity  of  his  apparatus.  The  law  which  he  thus  obtained  ap- 
proached, lite  Dalton's,  to  a  geomelrkal  progression.  Dr.  Ure  says, 
that  a  formula  proposed  by  M.  Biot  gives  an  error  of  near  nine  inches 
out  of  seventy-five,  at  a  temperature  of  266  degrees.  This  is  very 
conceivable,  for  if  the  formula  be  wrong  at  all,  the  geometrical  pro- 
gress rapidly  inflames  the  error  in  the  higher  portions  of  the  scale. 
The  elasticity  of  steam,  at  high  temperatures,  has  also  been  experi- 
mentally examined  by  Mr.  Southern,  of  Soho,  and  Mr,  Sharpe,  of 
Manchester,  Mr.  Dalton  has  attempted  to  deduce  certain  general 
laws  from  Mr.  Sharpe's  experiments ;  and  other  persona  have  offered 
other  rules,  as  those  which  govern  the  force  of  steam  with  reference  to 
the  temperature  ;  but  no  m!e  appears  yet  to  have  assumed  the  charac- 
ter of  an  established  scientific  truth,  Tet  the  law  of  the  expansive 
force  of  steam  is  not  only  required  in  order  that  the  sleam-engina 
may  be  employed  with  safety  and  to  the  best  advantage ;  but  must 
also  bo  an  important  point  in  every  consistent  theraiotical  theory, 

[2nd  Ed.]  [To  the  experiments  on  steam  made  by  private  phy- 
sicists, are  to  be  added  the  experiments  made  on  a  grand  scale  by 
order  of  the  governments  of  France  and  of  America,  with  a  view  to 

"  Architecture  Sydraalique,  Seoonde  Partie,  p.  163, 
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legislation  on  the  subject  of  steam-engines.  The  French  esperiments 
were  made  in  1823,  under  the  direction  of  a  commission  consisting 
of  aome  of  the  most  distinguished  members  of  the  Academy  of 
Sciences  ;  namely,  MM.  de  Prony,  Arago,  Girard,  and  Dulong.  The 
American  experiments  were  placed  in  the  htnda  of  a  committee  of 
the  Franklin  Inst  t  t     fth    St  t     fP        yl  t         fP    f 

Bache  and     th  1S30      Th    F       h      p  t  t       li    1 

aB435°ofFah     htthmmt  pdgto      p      m     t 

60  feet  of  m       ry         24    tm    j  1  Th    Am  xpe  I 

were  made  \  [  to  a  t  mp      t         t  34G     wh   h  p     1  d  t        i 

inches  of  m         y   n         th       9    tm    ph  TI         t  g 

of  these  exp     ra    t.  ifl    d  t     1      tag     t     d  t  n^  th    ] 

of  the  expa  f  ThF       hAdyf       Ithtth 

experimenls      hti  astthltf  Itoth 

f/lh  power    f     b  a]  1  +     (  wh       (      th  t  mp      t  Th 

American  Itttw        lit  Ap  flkbiul 

Other  esper  m    t  rs  h  p  ess  d  th  Its,       t  Lj  p  w  rs    t 

the  temperat        b  t  by       m  t     al  rat  D    D  Itf    h  1     pp      d 

that  the  exp         n    f  j  b  as  th      q  f  th    t        t  m 

peratnre  above  its  freezin^  pomt,  tht,  espansii  e  foiee  of  steam  increases 
in  geometrical  ratio  for  equal  increments  of  temperature.  And  the 
author  of  the  article  Steam  in  the  Seventh  Edition  of  the  Smydo- 
j>mdia  Brilannica  (Mr.  J.  S.  Russell),  has  found  that  tie  experiments 
are  best  satisfied  by  supposing  mercury,  as  well  as  steam,  to  expand 
in  a  geometrical  ratio  for  equal  increments  of  the  true  temperature. 

It  appears  by  such  calculation,  that  while  dry  gas  increases  in  the 
ratio  of  8  toll,  by  an  increase  of  temperature  from  freezing  to  boiling 
water;  steam  in  contact  with  water,  ty  the  same  increase  of  tempera- 
ture above  boiling  water,  has  its  expansive  force  increased  in  the  pro- 
portion of  1  to  12.  By  an  equal  increase  of  temperature,  mercniy 
expands  in  about  the  ratio  of  8  to  9. 

Becently,  MM.  Magnus  of  Berlin,  Holzmann  and  Eegnault,  have 
made  series  of  observations  on  the  relation  between  temperature  and 
elasticity  of  steam.'" 

Prof.  Magnus  measured  his  temperatures  by  an  air-thermometer ;  a 
process  which,  I  stated  in  the  first  edition,  seemed  to  afford  the  best 
promise  of  simplifying  the  law  of  expansion.     Hia  result  is,  that  the 
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elasticity  proceeds  in  a  geometric  series  when  the  tcicpcraturo  pro- 
ceeds in  an  arithmetical  series  nearly  ;  the  differences  of  temperature 
for  equal  augmentations  of  the  ratio  of  elasticity  being  somewhat 
greater  for  the  higher  temperatures. 

The  forces  of  the  vapors  of  other  liquids  in  contact  with  their 
liquids,  determined  hy  Dr.  Faraday,  as  mentioned  in  Chap,  ii.  Sect.  1, 
are  analogous  to  the  elasticity  of  steam  here  spoken  of] 

Sect.  5. — Consequences  of  the  Doctrine  of  Evaporation. — Explanation 
of  Sain,  Dew,  and  Clouds. 

The  discoveries  concerning  the  relations  of  heat  and  moisture  which 
were  made  daring  the  last  century,  were  principally  suggested  by 
meteorological  inquiries,  and  were  applied  to  meteorology  as  fast  as 
they  rose.  Still  there  remains,  on  many  points  of  this  subject,  so 
much  doubt  and  obscurity,  that  we  cannot  suppose  the  doctrines  to 
have  assumed  their  final  form ;  and  therefore  we  are  not  here  called 
upon  to  trace  their  progress  and  connexion.  The  principles  of  atmo- 
logy  are  pretty  well  understood ;  but  the  difRcnlty  of  observing  the 
conditions  under  which  they  produce  their  effects  in  the  atmosphere 
is  so  great,  that  the  precise  theory  of  most  meteorological  phenomena 
is  stiU  f«  be  determined. 

We  have  already  considered  the  answei^  given  to  the  question : 
According  to  what  rules  does  transparent  aqueous  vapor  resume  its 
form  of  visible  water  f  This  question  includes,  not  onSy  the  problems 
of  Bain  and  Dew,  but  also  of  Clouds ;  for  clouds  are  not  vapor,  bat 
water,  vapor  being  always  invisible.  An  opinion  which  attracted 
much  notice  in  its  time,  was  that  of  Hutton,  who,  in  1 784,  endeavored 
to  prove  that  if  two  masses  of  air  saturated  with  transparent  vapor  at 
different  temperatures  are  mixed  together,  the  precipitation  of  water 
in  tho  form  either  of  cloud  or  of  drops  will  take  place.  The  reason 
ho  assigned  for  the  opinion  was  this :  that  the  temperature  of  the 
mixture  is  a  mean  between  tho  two  temperatures,  hut  that  the  force  of 
the  vapor  in  the  mixture,  which  is  the  mean  of  the  forces  of  the  two 
component  vapoi-s,  will  be  greater  than  that  which  corresponds  to  the 
mean  temperature,  since  the  force  increases  faster  than  the  tempera- 
ture;" and  hence  some  part  of  the  vapor  will  be  precipitated.  This 
doctrine,  it  will  be  seen,  speaks  of  vapor  as  "  saturating "  air,  and  is 

"'  £diti.  Trans,  vol.  L  p.  42. 
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therefore,  in  this  form,  inconsistent  with  Dalton's  pHnc-iple ;  but  it  is 
not  difficult  to  modify  the  expression  so  as  to  retain  the  essentia!  part 
of  the  explanation. 

Dew. — The  jainciplo  of  a  "  constitueiit  temperature"  of  steam,  and 
the  explanation  of  tlie  "  dew-point,"  were  known,  as  we  have  said 
(chap.  iii.  sect.  3,)  to  the  metcorologista  of  the  last  century  ;  but  we 
perceive  how  incomplete  their  knowledge  was,  by  the  very  gradual 
manner  in  which  the  consequences  of  this  principle  were  traced  oat. 
We  have  already  noticed,  as  one  of  the  books  which  most  drew  atten- 
tion to  the  true  doctrine,  in  this  country  at  least,  Dr.  Wells's  JFssay  on. 
Dew,  published  in  1814.  In  this  work  the  author  gives  an  account  of 
the  progress  of  his  opinions;"  "Iwasled,"  he  says,  "  in  the  autumn 
of  1784,  by  the  event  of  a  rude  experiment,  to  think  it  probable  that 
the  formation  of  dew  is  attended  with  tlie  production  of  cold."  This 
was  confirmed  by  the  experiments  of  others.  But  some  years  after, 
"  upon  eonsidoring  the  subject  more  closely,  I  began  to  suspect  that 
Mr.  Wilson,  Mr.  Six,  and  myself  ha^l  all  committed  an  error  in  regard- 
ing the  cold  which  accompanies  the  dew,  as  an  effect  of  the  formation 
of  the  dew."  He  now  considered  it  i-ather  as  the  cause :  and  soon 
fonnd  that  he  was  able  to  aeeonnt  for  the  circnmstaiices  of  this  forma- 
tion, many  of  them  curious  and  paradoxical,  by  supp  g  tl  b  d  es 
on  which  dew  is  deposited,  to  be  cooled  down,  by  adiab  n  nt  tl 
clear  night-sky,  to  the  proper  temperature.  The  ame  p  pi  will 
obviously  explain  the  formation  of  mists  over  str  ma  n  1  1^  In 
the  tar  is  cooler  than  the  water ;  which  was  put  f  wa  1  1  y  Da  j 
even  in  1816,  as  a  new  doctrine,  or  at  least  not  famil  a 

Kygrometers. — According  as  air  has  more  or  I  =&  of  ap  n 
parison  with  that  which  its  temperature  and  presau  nabl  t  to  on 
tain,  it  is  more  or  less  humid ;  and  an  instmment  which  measuios  the 
degrees  of  snch  a  gradation  is  a  hygrometer.  The  hygrometers  which 
were  at  first  invented,  were  those  which  me^ured  the  moisture  by  ite 
effect  in  producing  expansion  or  contraction  Jn  certain  organic  sub- 
stances th  IS  De  baussure  devised  a  hair-hygrometer,  De  Luc  a 
whalebone  hygromet  r  and  Dalton  used  a  piece  of  whipcord.  All 
these  contrvances  vc  e  va  able  in  the  amount  of  their  indications 
nd  r  the  same  c  m  tances ;  and,  moreover,  it  was  not  easy  to 
tl  o  V  the  phj  s  cal  mean  ng  of  the  degree  indicated.  The  dew-point, 
cr  CO    1 1  e  t  te  n]  e  it  r     f  the  vapor  which  exists  in  the  air,  is,  on 

E  ,an  on  Dc:».  -p.  I. 
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the  other  hand,  botii  constant  aiid  definite.  The  determination  of 
this  point,  as  a  datum  for  the  moisture  of  the  atmosphere,  was  em- 
ployed hy  Le  Eoi,  and  by  Dalton  (1802),  the  condensation  being 
obtained  by  cold  water  :"  and  finally,  Mr.  Daniell  (1812)  constructed 
an  instvument,  where  the  condensing  temperature  was  produced  hy 
evaporation  of  ether,  in  a  very  convenient  manner.  This  invention 
{ItanielPs  Hygrometer)  enables  us  to  determine  the  quantity  of  vapor 
which  exists  in  a  given  mass  of  the  atmosphere  at  any  time  of  observ- 

[2nd  Ed.]  [As  a  happy  application  of  the  Atmological  Laws 
which  have  been  discovered,  I  may  mention  the  completion  of  the 
theory  and  use  of  the  Wet-bulb  Hygrometer  ;  an  instrument  in  which, 
from  the  depression  of  temperature  produced  by  wetting  the  hnlb  of  a 
thermometer,  we  infer  the  further  depression  which  would  produce 
dew.  Of  this  instrument  the  history  is  thus  summed  up  by  Prof. 
Forbes  : — "  Hutton  invented  the  method ;  Leslie  revived  and  extended 
it,  giving  probably  the  earliest,  though  an  imperfect  theory ;  Gay-Lua- 
sac,  by  his  excellent  experiments  and  reasoning  from  them,  completed 
the  theory,  so  far  as  perfectly  dry  air  is  concerned ;  Ivory  extended 
the  theory ;  which  was  reduced  to  practice  by  Auguste  and  Bohnen- 
berger,  who  detennined  the  constant  with  accuracy,  English  observ- 
ers have  done  little  more  than  confirm  the  conclusions  of  our  indus- 
trious Germanic  neighbors ;  nevertheless  the  experiments  of  Apjohn 
and  Prinaep  must  ever  be  considered  as  conclusively  settling  the  value 
of  the  coefficient  near  the  one  extremity  of  the  scale,  as  these  of 
Kfemta  have  done  for  the  other.'"* 

Prof,  Forbte's  two  Reports  On  the  Recent  Prog^tst  and  Present 
State  of  Meteorology  given  among  the  Seporls  of  the  British  Associa- 
tion for  1832  and  1840,  contain  a  complete  and  Inroinous  account  of 
recent  researches  on  this  subject     It  may  perhaps  b    a  k  d     hy  I 
have  not  given  Meteorology  a  place  among  the  Ind    t       8     n 
but  if  the  reader  I'efers  to  these  accounts,  or  any  oth     ad  q  at 
of  the  subject,  he  will  see  that  Meteorology  is  not  a    ngl    Indu  t 
Science,  but  the  application  of  several  sciences  to  th       planat   n    f 
terrestrial  and  atmospheric  phenomena.     Of  the  sc   n  appl   d 

Thermotics  and  Atmology  are  the  principal  ones.     B  t    tl  1 

come  into  play ;  as  Optics,  in  the  explanation  of  R     1      s,  Hal 

'"  Daniell,  Met.  Esa.  p.  142,     M'anch.  Mem.  vol.  r.  p.  581. 
"  Seeond  Report  on  Meteorology, -p.  101. 
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Parlidia,  OoronEe,  Glories,  and  tho  like ;  Electi'iclty,  in  the  csplana- 
tlon  of  Thtinder  aBd  Lightning,  Hail,  Aurora  Borealia  ;  to  whict  others 
might  be  added,] 

Clouds. — When  vapor  becomes  visible  by  being  cooled  below  its 
constitEent  temperatui'e,  it  forms  itself  into  a  very  flue  watery  powder, 
the  diameter  of  the  pavticles  of  whieb  this  powder  consists  being  very 
small ;  they  are  estimated  by  various  writers,  from  l-100,000th  to 
l-20,000th  of  an  inch,"  Such  particles,  even  if  solid,  would  descend 
very  slowly ;  and  very  slight  causes  would  sufiice  foi  their  snipension, 
without  recurring  to  the  hypitheais  of  veiides,  of  which  we  have 
already  spoken.  Indeed  that  hypothesis  will  not  explain  the  fact, 
except  we  suppose  these  vesicks  hlled  with  a  laier  air  than  that  of 
the  atmosphere;  and,  accordingly,  thongh  this  hypothesis  is  still 
maintained  by  some,""  it  is  asserted  as  a  fact  of  observation,  proved  by 
optical  or  other  phenomena,  and  not  deduced  from  the  suspension  of 
clooda.  Tet  the  latter  result  is  still  variously  explained  by  different 
philosophers ;  thus,  M.  Gay-Lussac"  accounts  for  it  by  upward  cur- 
rents of  air,  and  Fresnel  explains  it  by  the  heat  and  rarefaction  of  fiit 
in  the  interior  of  the  cloud. 

Classijicatiim  of  Clouds. — A  classification  of  clouds  can  then  only 
be  consistent  and  intfilligible  when  it  rests  upon  their  atmological  con- 
ditions. Such  a  system  was  proposed  by  Mr.  Luke  Howard,  in  1802-3. 
His  primary  modifications  are,  C'irma,  Cumulus,  and  Stratus,  which 
the  Germans  have  translated  by  teims  ec[uivalent  in  English  io  feather- 
cloud,  keap-cloud,  and  layer-cloud.  The  cumulus  increases  by  accumu- 
lations on  its  top,  and  floats  in  the  air  with  a  horizontal  base ;  the  stra- 
tus grows  from  below,  and  spreads  along  the  eai-th ;  the  cirrus  consists 
of  fibres  in  the  higher  regions  of  the  atmosphere,  which  gi'ow  every 
way.  Between  the  simple  modifications  ai-e  intermediate  oues,  cirro- 
eumulus  and  cirro-stratus ;  and,  again,  compound  ones,  the  cumulo- 
stratua  and  the  mmbas,  or  rain-eload.  These  distinctions  have  been 
generally  accepted  all  over  Europe  :  and  have  rendered  a  description 
of  all  the  processes  which  go  on  in  the  atmosphere  far  more  definite 
and  clear  than  it  could  be  made  before  their  use. 

I  omit  a  msss  of  &cts  and  opinions,  supposed  laws  of  phenomena 
and  assigned  causes,  which  abound  in  meteorology  more  than  in  any 
other  science.    Hie  slightest  consideration  will  show  us  what  a  great 

='  Kffimtz,  Met.  I  393  '^  lb.  i  39;!.     Robisoo,  ii.  IS. 
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amount  of  laboi',  of  persevering  and  combined  obsei'vation,  tlio  progress 
of  t]iis  braiich  of  knowledge  requires.  I  do  not  evea  speak  of  the  con- 
dition of  the  more  elevated  parts  of  the  atmosphere.  The  diminution 
of  temperature  as  we  ascend,  one  of  the  most  marked  of  atmospheric 
facts,  has  been  variously  explained  by  different  writers.  Thus  Dalton"' 
(1808)  refers  it  to  a  principle  "that  each  atom  of  air, in  the  same  per- 
pendicular column,  is  possessed  of  the  same  degree  of  heat,"  which 
principle  he  conceives  to  be  entirely  empirical  in  this  case.  Fourier 
says"  (1817),  "  This  phenometion  resnits  fi'om  several  causes  :  one  of 
the  principal  is  the  progressive  extinction  of  the  rays  of  heat  iu  the 
successive  strata  of  the  atmosphere." 

Leaving,  therefore,  the  application  of  thermotical  and  atmological 
principles  in  particular  cases,  let  us  consider  for  a  moment  the  general 
views  to  which  they  have  led  philosophers. 


CnAPTEU  IV. 
Physical  Theories  of  Heat. 

VIIEN"  wc  look  at  the  condition  of  that  branch  of  knoivledge  which, 
according  to  the  phraseology  already  employed,  we  must  call 
Physical  Thertnoiics,  in  opposition  to  Formal  Thermotics,  which  gives 
us  detached  laws  of  phenomena,  we  find  the  prospect  very  different 
from  that  which  was  presented  to  us  by  physical  astronomy,  optics,  and 
aconstics.  In  these  sciences,  the  maintainors  of  a  distinct  and  compre- 
hensive theory  have  professed  at  least  to  show  that  it  explains  and  in- 
cludes the  principal  laws  of  phenomena  of  various  kinds ;  in  Thermo- 
tics, we  have  only  attempts  to  explain  a  part  of  the  facts.  We  have 
here  no  example  of  an  hypothesis  which,  asanmed  in  order  to  explain 
one  class  of  phenomena,  has  been  fonnd  also  to  account  exactly  for 
anothei ,  as  ■when  central  forc^  led  to  the  prece^ion  of  the  equinoxes, 
or  when  the  explanation  of  polaiization  explained  also  double  reftac- 
tion ;  or  when  the  pressure  of  the  atmosphere,  as  measured  by  the 
barometer,  gsve  the  true  velocity  of  sound  Such  coincidences,  or 
consilknces,  as  I  hive  elsewhere  called  them,  aie  the  teat  of  truth;  and 
thermotical  theones  cannot  jet  exhibit  credentials  of  this  kind. 


^'ifemSjisi.  ef  Cltem.  vol  i,  p.  125.  ''"Ann.  (Mm.  vi.  -lit. 
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Ou  looting  back  at  our  view  of  tliis  science,  it  will  be  seen  that  it 
may  be  distinguished  into  two  parts ;  tie  Doctrines  of  Conduction  and 
Kadiation,  which  we  call  lliermotics  proper  ;  and  the  Doctrines  res- 
pecting the  relation  of  Heat,  Airs,  and  Moisture,  which  we  have  teiraed 
Atmolt^.  These  Uyo  subjects  differ  in  their  bearing  oti  our  hypothe- 
tical views, 

Tkermotical  Tkeories.-~Ths  ph>-n  noni  of  islnnt  h  at,  like  tJiose 
of  radiant  lights  obviously  admit  of  geneial  explanition  in  two  differ- 
ent ways ', — by  the  emission  ot  material  p'irtifle*!,  or  by  the  prop^a- 
tion  of  undulations.  Both  these  pinions  h.v.6  found  supporters. 
Probably  most  persons,  in  adoptm^  Pie^osts  theory  of  exchanges,  con- 
ceive the  radiation  of  heat  to  be  the  radiation  of  mattes'.  The  undu- 
lation hypothesis,  on  the  other  hand,  appears  to  be  su^sted  by  tlie 
production  of  heat  by  friction,  and  was  accordingly  maintained  by 
Enmford  and  others.  Leslie'  appears,  in  a  great  part  of  his  Iwpiiry, 
to  be  a  supporter  of  some  nndulatory  doctrine,  but  it  is  extremely  diffi- 
cYiIt  to  make  out  what  his  undulating  medium  is ;  oi-  rather,  his  opi- 
nions wavered  during  his  progress.  Inp^e  3I,heaats,"  What  is  this 
calorific  and  Mgoriflc  fluid  S"  and  after  keeping  the  reader  in  snapense 
for  a  moment,  he  replies, 

"Qaod  pctjs  hio  eat. 

It  is  merely  the  ambient  AIR."  But  at  page  l&O,  he  again  asks  the 
question,  and,  at  page  188,  he  aaswei-s,  "  It  is  the  same  subtile  matter 
that,  according  to  its  different  modes  of  existence,  constitutes  either  heat 
or  light."  A  person  thus  vacillating  between  two  opinions,  one  of  which 
is  palpably  liilse,  and  the  other  laden  with  exceeding  difficulties  which 
he  does  not  even  attempt  to  remove,  had  little  right  to  protest  against' 
"the  sportive  freaks  of  some  intangible  aura  ;"  to  rank  ail  other  hypo- 
theses than  his  own  with  the  "occult  qualities  of  the  schools;"  and  to 
class  the  "prejudices"  of  hia  opponents  with  the  tenets  of  those  who 
mainljiined  the  fuffa  vacui  in  opposition  to  TorrieeUi.  It  is  worth 
while  noticing  this  kind  of  rhetoric,  in  order  to  observe,  fliat  it  may 
be  used  just  as  easily  on  the  wrong  side  as  on  the  right. 

TiE  recently,  the  theory  of  material  heat,  and  of  its  propagation  by 
emission,  was  probably  the  one  most  in  favor  with  those  who  had 
studied  mathematical  thermoties.     As  we  have  said,  the  laws  of  con- 


'  An  Experbnenla!  Inquir;/  ii-to  the  NalTirs  and  Propagation  of  Hfal,  1804. 
'  lb.  p.  47. 
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duclion,  in  tlieir  ultimate  analytical  form,  were  aliiMst  identical  witli 
the  laws  of  motion  of  fluids.  Fourier's  principle  also,  that  the  radia- 
tion of  heat  takes  place  from  points  below  the  surface,  and  is  int«rcept- 
ed  by  the  superficial  particles,  appears  to  favor  the  notion  of  material 


Accordingly,  some  of  the  most  eminent  modern  French  mathemati- 
cians have  accepted  and  extended  the  hypothesis  of  a  material  caloric. 
In  addition  to  Fourier's  doctrine  of  molecular  extra-radiation,  Laplace 
and  Poisaon  have  maintained  the  hypothesis  of  mohcvJar  intra-radia- 
tiim,  as  the  mode  in  which  conduction  takes  place  ;  that  is,  they  say 
that  the  particles  of  bodies  are  to  be  considered  as  discrete,  or  as  points 
separated  from  each  other,  and  acting  on  each  other  at  a  distance ; 
and  the  conduction  of  heat  from  one  part  to  another,  is  performed  by 
radiation  between  all  neighboring  particles.  They  hold  that,  without 
this  hypothesis,  the  differential  equations  expressing  the  conditions  of 
conduction  cannot  be  made  homogeneous ;  but  this  assertion  rests,  I 
conceive,  on  an  error,  as  Foarier  has  shown,  by  dispensing  with  the 
hypothesis.  The  necessity  of  the  hypothesis  of  discrete  molecular 
action  in  bodies,  is  maintained  in  all  cases  by  M.  Poisson;  and  he  has 
asserted  Laplace's  theory  of  capillary  attraction  to  be  defective  on  this 
ground,  as  Laplace  asserted  Fourier's  reasoning  respecting  heat  to  be 
so.  In  reality,  however,  this  hypothesis  of  discrete  molecules  cannot 
be  m^nt^ned  aa  a  physical  truth ;  for  the  law  of  molecular  action, 
which  is  assumed  in  the  reasoning,  after  answering  its  purpose  in  the 
progress  of  calculation,  vanishes  in  the  result;  the  conclusion  is  the 
same,  whatever  law  of  the  intervals  of  the  molecules  be  assumed.  The 
definite  integral,  which  expresses  the  whole  action,  no  more  proves 
that  this  action  is  actually  made  of  the  differential  parts  by  means  of 
which  it  was  found,  than  the  processes  of  finding  the  weight  of  a  body 
by  integration,  prove  it  to  be  made  up  of  differential  weights.  And 
therefore,  even  if  we  were  to  adopt  the  emission  theory  of  heat,  we  are 
by  no  means  bound  to  take  along  with  it  the  hypothesis  of  discrete 


But  the  recent  discovery  of  the  refraction,  polarization,  and  depolari- 
zation of  heat,  has  quite  altered  the  theoretical  aspect  of  the  subject, 
and,  almost  at  a  single  blow,  ruined  the  emission  theory.  Since  heat 
is  reflected  and  refracted  like  light,  analogy  would  lead  us  to  conclude 
that  the  mechanism  of  the  processes  is  the  same  in  the  two  cases. 
And  when  we  add  to  those  properties  the  property  of  polarization,  it  is 
scarcely  possible  to  believe  otherwise  than  that  heat  consists  in  trans- 
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verse  vibrations ;  for  no  wise  philosopher  would  attempt  an  explanation 
by  ascribing  poles  to  the  emitted  particles,  after  the  experience  which 
Optics  aifords,  of  the  utter  lailure  of  such  machinery. 

Eiit  here  the  qnestion  occurs,  If  heat  consists  in  vibrations,  whence 
arises  the  extraordinary  identity  of  the  laws  of  its  propagation  with  the 
laws  of  the  flow  of  matter  ?  How  is  it  that,  in  conducted  heat^  this 
vibration  creeps  slowly  from  one  part  of  the  body  to  another,  the  part 
first  heated  remaining  hottest;  instead  of  leaving  its  first  place  and 
travelhng  rapidly  to  another,  as  the  vibrations  of  sound  and  light  do  S 
The  answer  to  these  questions  has  been  put  in  a  very  distinct  and  plau- 
sible form  by  that  distinguished  philosopher,  M.  Ampere,  who  published 
a  Kote  on  Meat  and  Light  considered  as  the  results  of  Vibratory 
Motion'  in  lS3i  and  1835  ;  and  though  this  answer  is  an  hypothesis, 
it  at  least  shows  that  there  is  no  fetal  force  in  the  difficulty, 

M.  Ampfere's  hypothesis  is  this ;  that  bodies  consist  of  solid  mole- 
cules, which  may  be  considered  as  arranged  at  intervals  in  a  very  rare 
ether;  and  that  the  vibrations  of  the  molecules,  causing  vibrations  of 
the  ether  and  caused  hy  them,  constitute  heat.  On  these  suppositions, 
we  shonld  have  the  phenomena  of  conduction  explained ;  for  if  the 
molecules  tt  one  end  of  a  bar  bo  hot,  and  therefore  in  a  state  of  vibra- 
tion, while  the  others  are  at  rest,  the  vibrating  molecules  propagate 
vibiations  in  tLe  ether,  but  these  vibrations  do  not  produce  heat, 
except  in  proportion  as  they  put  the  quiescent  molecules  of  the  bar 
m  \ibrition ;  and  the  ether  being  very  rare  compared  with  the  mole- 
cuies,  it  !•!  only  by  the  repeated  impulses  of  many  successive  vibrations 
that  the  nearest  quiescent  molecules  are  made  to  vibrate  ;  after  which 
they  combine  in  communicating  the  vibration  to  the  more  remote 
molecules.  "  We  then  find  necessarily,"  M.  Ampfere  adds,  "  the  same 
equations  as  those  found  by  Fourier  for  the  distiibution  of  heat,  setting 
out  fi:om  the  same  hypothesis,  that  the  temperature  or  heat  transmitted 
is  proportional  to  the  difference  of  the  temperatures.  " 

Since  the  undulatory  hypothesis  of  heat  can  thus  answer  all  obvious 
objections,  we  may  consider  it  as  upon  its  trial,  to  be  confirmed  or 
modified  by  future  discoveries ;  and  especially  by  an  enlarged  know- 
ledge  of  the  laws  of  the  polarization  of  heat. 

[2nd  Ed.]  [Since  the  first  edition  was  written,  the  analogies  between 
fight  and  heat  have  been  further  extended,  as  I  have  already  stated.     It 

°  Bihlioiheque  Universelle  de  Gcnese,  vol.  dis.  p.  225.  Ann.  C'him.  torn.  Ivii. 
p.  434. 
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has  been  discovered  by  MM.  Biot  and  Melloni  that  quai-tz  impresses  a 
circular  polarization  upon  heat ;  and  by  Prof.  Forbes  tbat  mica,  of  a 
certain  thicknees,  produces  phenomena  such  as  would  be  produced  by 
the  impreasion  of  circular  polarization  of  the  supposed  transversal  vi- 
brations of  radiant  heat ;  and  further,  a  rhomb  of  rock-salt,  of  the  shape 
of  the  glass  rhomb  which  verified  Fresnel's  estraordinary  anticipation 
of  the  circular  polarization  of  light,  verified  the  expectation,  founded 
upon  other  analogies,  of  Hie  polarization  of  heat.  By  passing  polarized 
heat  through  various  tbickne^ea  of  mica,  Prof.  Forbes  has  attempted 
to  calculaffi  tJie  length  of  an  nndulation  for  heat. 

These  analogiia  cannot  iail  to  produce  a  strong  disposition  to  believe 
that  light  and  heat^  essences  so  closely  connected  that  they  can  hardly 
be  separated,  and  thus  shown  to  have  so  many  envious  properties  in 
common,  are  propagated  by  the  same  machinery ;  and  thus  we  are  led 
to  an  TJndrdatory  Theory  of  Heat. 

Yet  snch  a  Theory  baa  not  yet  by  any  means  received  full  con- 
firmation. It  depends  upon  the  analogy  and  the  connexion  of  the 
Theory  of  Light,  and  would  have  little  weight  if  thoae  were  removed. 
For  the  separation  of  the  rays  in  donble  refraction,  and  the  phenomena 
of  periodical  intensity,  the  two  classes  of  facts  out  of  which  the  TJndu- 
latory  Theory  of  Optics  principally  grew,  have  neither  of  them  been 
detected  in  thermotical  experiments.  Prof.  Forbes  has  assumed  alter- 
nations of  heat  for  increasing  thicknesses  of  mica,  but  in  his  e: 
ive  find  only  one  maximum.  The  occurrence  of  alternate  n 
minima  nnder  the  lite  circumstancea  would  exhibit  viaible  waves  of 
heat,  as  the  fringes  of  shadows  do  of  light,  and  would  thns  add  mnch 
to  the  evidence  of  the  theory. 

Even  if  I  conceived  the  TJndulatory  Theoiy  of  Heat  to  be  now 
established,  I  shonld  not  venture,  aa  yet,  to  deacribe  ita  estabhshment 
as  an  event  in  the  histoiy  of  the  Inductive  Sciences.  It  is  only  at  an 
interval  of  time  after  such  events  have  taken  place  that  their  history 
and  character  can  be  fiiUy  understood,  so  aa  to  suggeat  lesaons  in  the 
Philosophy  of  SciCTiee,] 

Atmoloffieal  Theories. — Hypotheses  of  the  relations  of  heat  and  air 
almost  necessarily  involve  a  reference  to  the  forces  by  which  the  com- 
position of  bodies  ia  produced,  and  thus  cannot  properly  be  treated  of, 
till  wc  have  surveyed  the  condition  of  chemjca!  knowledge.  But  we 
may  say  a  few  words  on  one  such  bypothesia ;  I  mean  the  bypotheais 
on  the  subject  of  the  atmological  laws  of  heat,  proposed  by  Laplace,  in 
the  twelfth  Book  of  the  Mecanique  Celeste,  and  published  in  1833. 
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It  ^¥i!l  be  recollected  that  the  main  laws  of  plionoracna  for  which  we 
have  to  account,  by  meats  of  such  an  hypothesis,  are  the  following  : — ■ 

(1.)  The  law  of  Boyle  and  Mariotte,  that  the  elasticity  of  an  air 
vai'iea  as  its  density.     See  Chap,  iii.,  Sect.  1  of  this  Book. 

(2.)  The  Law  of  Qay-Lu^ac  and  Dalton,  that  all  airs  expand  equally 
by  heat.     See  Chap.  ii.  Sect.  1. 

(3.)  The  production  of  heat  by  sudden  compression.  See  Chap.  ii. 
Sect.  2. 

(i.)  Daltou's  principle  of  the  jiiecbaiiical  misturo  of  airs.  See  Chap, 
iii.  Sect.  S. 

(5.)  The  Law  of  expansion  of  solids  and  fluids  by  heat.  See  Chap, 
ii.  Sect.  1. 

(6.)  Changes  of  consistence  by  heat,  and  the  doctiine  of  latent  heat. 
See  Chap.  ii.  Sect.  3. 

(7.)  The  Law  of  the  expansive  force  of  steam.  See  Chap  m. 
Sect  4. 

Besides  these,  there  are  laws  of  which  it  is  doubttul  whethei 
they  are  or  are  not  included  in  the  preceding,  as  the  low  temperatuie 
of  the  air  in  the  higher  parts  of  the  atmosphere.  (See  Chap.  ni. 
Sect.  5.) 

Laplace's  hypothesis'  is  this  : — that  bodies  conast  of  particles,  each 
of  which  gathers  round  it,  by  its  attraction,  a  quantity  of  caloric : 
that  the  particles  of  the  bodies  attract  «ach  other,  besides  attracting 
the  caloric,  and  that  the  particles  of  the  caloric  repel  each  other. 

In  gases,  the  particles  of  the  bodies  are  so  far  removed,  that  their 
mutual  attraction  is  insensible,  and  the  matter  tends  to  expand  by  the 
mutual  repiilaion  of  the  caloric.  He  conceives  this  oalonc  to  be  cou 
stantly  i^ating  among  the  particles;  the  density  of  this  inttmal 
radiation  is  the  temperature,  and  he  proves  that,  on  this  snppciition, 
the  eljeticity  of  the  air  will  be  as  the  density,  and  as  this  teinj.eiatnie 
Hence  follow  the  Ihree  first  rules  above  stated.  The  same  suppositions 
lead  to  Dalton's  principle  of  mixtures  (4),  though  without  involving 
his  mode  of  conception ;  for  Lapiace  says  that  whatever  the  mutual 
action  of  two  gases  he,  the  whole  pressure  will  he  equal  to  the  «um  of 
the  separate  pressures.'  Expansion  (5),  and  the  changes  ot  con 
sistence  (6),  are  explained  by  supposing'  that  in  solids,  the  mutual 
attraction  of  the  particles  of  the  body  is  the  greatest  force ;  in  liquids, 
the  attraction  of  the  particles  for  the  caloric ;  in  airs,  the  repulsion  of 

'  Mfc.  Cel.  t  v.  p,  8y.  '  lb,  p.  110.  =  lb.  p.  92. 
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the  caloric.  But  tlie  doctrine  of  kte.nt  lieat  again  modifies'  the 
hypothesis,  and  makes  it  necessary  to  inchido  latent  teat  in  the 
calculation ;  yet  there  is  not,  as  we  might  suppose  there  would  bo  if  the 
theory  were  the  true  one,  any  confirmation  of  the  hypothesis  resulting 
from  the  new  class  of  laws  thus  referred  to.  Nor  does  it  appear  that 
the  hypothesis  accounts  for  the  relation  between  the  elasticity  and  the 
temperature  of  steam. 

It  will  he  obserTed  that  Laplace's  hypothesis  goes  entirely  upon  the 
materiality  of  heat^  and  is  inconsistent  with  any  vibratory  theory  ;  for, 
as  Ampere  remarks,  "  It  is  clear  that  if  we  admit  heat  to  consist  in 
vibrations,  it  is  a  contradiction  to  attribute  to  heat  (or  caloric)  a 
repulsive  force  of  the  particles  which  would  be  a  cause  of  vibration." 

An  unfavorable  judgment  of  Laplace's  Theory  of  Gases  is  sug- 
gested by  looking  for  that  which,  in  speaking  of  Optics,  was  men- 
tioned as  the  great  characteristic  of  a  true  theoiy ;  namely,  that  the 
hypotheses,  which  were  assumed  in  order  to  account  for  one  class  of 
facts,  are  found  to  explain  another  class  of  a  different  nature : — the 
consilience  of  inductions.  Thus,  in  thermotics,  the  law  of  an  intensity 
of  radiation  proportional  to  the  sine  of  the  angle  of  the  ray  with  the 
snrfece,  which  is  founded  on  direct  experiments  of  radiation,  is  found 
to  be  necessary  in  order  to  explain  the  tendency  of  neighboring  bodies 
to  equality  of  temperature  ;  and  this  leads  to  the  higher  gcneraliaa- 
tion,  that  heat  is  radiant  from  points  below  the  surface.  But  in  the 
doctrine  of  the  reiation  of  heat  to  gases,  as  delivered  by  Laplace, 
there  is  none  of  this  unexpected  confirmation ;  and  though  he  explains 
some  of  the  leading  laws,  his  assumptions  bear  a  large  proportion  to 
the  laws  explained.  Thus,  from  the  assiunption  that  the  repulsion  of 
gases  arises  from  the  mutual  repulsion  of  the  particles  of  caloric,  he 
finds  that  the  pressure  in  any  gas  is  as  the  square  of  the  density  and 
of  the  quantity  of  caloric;'  and  from  the  assumption  that  the  tem- 
perature is  the  internal  radiation,  he  finds  that  this  temperature  is  as 
the  density  and  the  square  of  the  caloric'  Hence  he  obtains  the  law  of 
Boyle  and  Mariotte,  and  that  of  Dalton  and  Gay-Lnssac.  But  this  view 
of  the  subject  requires  other  assumptions  when  we  come  to  latent  heat ; 
andaccordingly,heintroduoes,to  express  thelatent  heat,  anew  quantity.'" 
Yet  this  quantity  produces  no  effect  on  his  calculations,  nor  does  ho  apply 
his  reasoning  to  any  problem  in  which  latent  heat  is  concerned. 

"  Mic  Cel  t. -7. -p.  n.  '  P=a7rHKpV(J)p.  107. 

g'n{a)-<,c'{2)y.  108.  '°  The  quantity  i,  p.  113. 
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Witliouti  then,  deciding  upon  this  tJieory,  we  may  venture  to  say 
that  it  is  wanting  in  all  the  prominent  and  striking  characteristics 
which  we  have  found  in  those  great  theories  wliicli  wc  look  upon  as 
clearly  and  indisputably  established. 

Conclusion. — We  may  observe,  moreover,  that  heat  h^  other  bear- 
ings and  effects,  which,  as  soon  as  they  have  been  analysed  into  nume- 
rical laws  of  phenomena,  must  be  attended  to  in  the  formation  of  ther- 
motical  theories.  Chemistry  will  probably  supply  many  such ;  those 
which  occur  to  us,  we  must  examine  hereafter.  But  we  may  mention 
as  examples  of  such,  MM.  De  la  Eive  and  Marcet's  law,  that  the  speci- 
fic heat  of  all  gases  is  the  same;"  ajid  MM.  Dulong  and  Petit's  law, 
that  single  atoms  of  all  simple  bodies  have  tie  same  capacity  for  heat." 
Though  we  have  not  yet  said  anything  of  tlie  relation  of  different 
gases,  or  explained  the  meaning  of  atoms  in  the  chemical  sense,  it 
will  easily  be  conceived  that  these  are  very  general  and  important  pro- 

Thus  the  science  of  Thermotics,  imperfect  as  it  is,  forms  a  highly- 
instructive  part  of  onv  survey;  and  is  one  of  the  cardinal  points  on 
which  the  doors  of  those  chambers  of  physical  knowledge  must  turn 
which  hitherto  have  remained  closed.  For,  on  the  one  hand,  this 
science  is  related  by  strong  analogies  and  dependencies  to  the  most 
complete  portions  of  our  knowledge,  our  mechanical  doctrines  and 
optical  theories;  and  on  the  other,  it  is  connected  with  properties  and 
laws  of  a  natnre  altogether  different, — those  of  chemistry ;  properties 
and  laws  depending  upon  a  new  system  of  notions  and  relations,  among 
which  clear  and  substantial  general  principles  ai-e  far  more  difficult  to 
lay  hold  ot,  and  with  which  the  future  progress  of  human  knowledge 
appears  to  be  far  more  concerned.  To  these  notions  and  relations  we 
must  now  proceed ;  but  we  shall  find  an  intermediate  stage,  in  certain 
subjects  which  I  shall  call  the  Mechanico-chemkal  Sciences;  y\z., 
those  which  have  to  do  with  Magnetism,  Electricity,  and  Galvanism. 
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Parta  raetn  primo :  mos  sese  extolUt  in  auras, 
Ingreditnrqne  solo,  et  caput  int«r  nubila  coadit. 


A  timid  breath  nt  firat,  a  tvajjsient  touch, 
How  BOOQ  it  swells  from  little  into  mucli ! 
Runs  o'er  the  ground,  and  springs  into  the  air, 
And  fills  the  tempest's  gloom,  the  lightning's  glare 
While  denser  darkness  than  the  central  storm 
Conoeuls  the  secrete  of  its  inward  form. 
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INTKODUCXION. 
Of  iAe  Mechinieo- Chemical  Sciences, 

UNDER  the  title  of  Mechanico-Cheniical  Sciences,  I  include  the 
Iaw3  of  Magnetism,  Electricity,  Galvanism,  and  the  other  classes 
of  phenomena  closely  related  to  these,  as  Thermo-electricity.  This 
gronp  of  subjects  forms  a  cnrious  and  interesting  portion  of  our  phy- 
sical knowledge  ;  and  Bot  the  least  of  the  circumstances  which  give 
them  their  interest,  is  that  double  bearing  upon  mechanical  and  che- 
mical principles,  which  their  name  is  intended  to  imply.  Indeed,  at 
first  sight  they  appear  to  be  purely  Mechanical  Sciences  ;  the  attrac- 
tions and  repulsions,  the  pressure  and  motion,  whicli  occur  in  these 
cases,  are  referrible  to  mechanical  conceptions  and  laws,  as  completely 
as  the  weight  or  fall  of  terrestrial  bodies,  or  the  motion  of  the  moon 
and  planets.  And  if  the  phenomena  of  mj^etism  and  electricity  had 
directed  us  only  to  such  laws,  the  corresponding  sciences  must  have 
been  arranged  as  branches  of  mechanics.  But  we  find  that,  on  the 
other  side,  these  phenomena  have  laws  and  bearings  of  a  kind  alto- 
gether different.  Magnetism  is  associated  with  Electricity  by  its 
mechanical  analogies  ;  and,  more  recently,  has  been  discovered  to  be 
still  more  closely  connected  with  it  by  physical  influence;  electric  is 
identified  with  galvanic  agency  ;  but  in  galvanism,  decomposition,  or 
some  action  of  that  kind,  univei'sally  appears ;  and  these  appearances 
lead  to  very  general  laws.  Now  composition  and  decomposition  are 
the  sulgects  of  Chemistry ;  and  thus  we  find  that  we  are  insensibly 
but  irresistibly  led  into  the  domain  of  that  science.  The  highest 
generalizations  to  which  we  can  look,  in  advancing  irom  the  elemen- 
tary fects  of  electricity  and  galvanism,  must  involve  chemical  notions ; 
we  must  therefore,  in  laying  out  the  platform  of  these  sciences,  make 
provision  for  that  convei^ence  of  mechanical  and  chemical  theory, 
which  they  are  to  exhibit  as  we  ascend. 

"We  must  begin,  however,  with  stating  the  mechanical  phenomena 
of  these  sciences,  and  the  reduction  of  such  phenomena  to  laws.  In 
this  point  of  view,  the  phenomena  of  which  we  have  to  speak  are 
those  in  which  bodies  exhibit  attractions  and  repulsions,  peculiarly 
determined  by  their  nature  and  circumstances ;  as  the  magnet,  and  a 
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piece  of  amber  when  rubbed.  Sucli  results  are  altogotlier  different 
from  the  Timversal  atti-action  which,  aecordiDg  to  Kewtoit's  discovery, 
prevMls  among  all  particles  of  matter,  and  to  which  cosmical  pheno- 
mena are  o^ving.  But  yet  the  difference  of  these  special  attractions, 
and  of  cosmical  attra^ition,  was  at  first  so  for  from  being  recognized, 
that  the  only  way  in  which  men  could  be  led  to  conceive  or  assent  to 
an  action  of  one  body  upon  another  at  a  distance,  in  cosmical  cases, 
was  by  likening  it  to  magnetic  attraction,  as  we  have  seen  in  Uio 
history  of  Physical  Astronomy.  And  we  shall,  iu  the  first  part  of  our 
account,  not  dwell  much  upon  the  peculiar  conditions  under  which 
bodies  are  magnetic  or  electric,  since  these  conditions  are  not  readily 
reducible  to  mechanical  laws ;  but,  taking  the  magnetic  or  electric 
character  for  granted,  we  shall  trace  its  effects. 

The  habit  of  considering  magnetic  action  as  tlie  type  or  general 
case  of  attractive  and  repulsive  agency,  explains  the  early  writers 
having  spoken  of  Electricity  as  a  kind  of  Magnetism.  Thus  Gilbert, 
in  hja  book  De  Ma^nete  (1600),  has  a  chapter,^  De  coilione  Magnitica, 
primumque  de  Succini  attraetione,  sive  verms  corporum  ad  Saccinum 
appUcatione.  The  manner  in  which  he  speaks,  shows  us  how  myste- 
rious the  fact  of  attraction  then  appeared ;  so  that,  as  he  says,  "  the 
magnet  and  amber  were  called  in  aid  by  philosophers  as  illustrations, 
when  our  sense  is  in  the  dark  in  abstmse  inquiries,  and  when  our  rea- 
son can  go  no  further.  Gilbert  speaks  of  these  phenomena  like  a 
genuine  indnctive  pliilosopher,  reproving'  those  who  before  him  had 
"  stuffed  the  booksellers'  shops  by  copying  from  one  another  extrava- 
gant stories  concerning  the  attraction  of  magnets  and  amber,  without 
giving  any  reason  from  experiment."  He  himself  makes  some  im- 
portant steps  in  the  subject.  He  distinguishes  magnetic  from  eleetrie 
forces,'  and  is  the  inventor  of  the  latter  name,  derived  from  ^Xsierpov, 
eketron,  amber.  lie  observes  rightly,  that  the  electiie  force  attracts 
all  light  bodies,  while  the  magnetic  force  attracts  iron  only;  and  he 
devises  a  satisfactory  apparatus  by  which  this  is  shown.  He  gives'  a 
considerable  list  of  bodies  which  possess  the  electric  property;  "Not 
only  amber  and  ^ate  attract  small  bodies,  hs  some  think,  but  diamond, 
sapphire,  carbuncle,  opal,  amethyst,  Bristol  gem,  beryl,  ciystal,  glass, 
glass  of  antimony,  spar  of  various  kinds,  sulphur,  mastic,  sealing-wax," 
and  other  substances  wMch  he  mentions.  Even  his  speculations  on 
the  general  laws  of  these  phenomena,  though  vague  and  erroneous,  as 

'  Lib.  ii.  cap.  2.  '  Dfi  Magnete,  p.  18.  =  lb.  p.  S'l.     '  lb.  p.  48. 
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at  that  period  was  unavoidable,  do  him  no  discredit  when  compared 
with  the  doctriues  of  his  successors  a  century  and  a  half  afterwiu-ds. 
But  such  speculations  belong  to  a  sueeeeding  part  of  this  history. 

In  treating  of  these  Sciences,  I  wili  speak  of  Electricity  in  the  first 
place ;  although  it  is  thus  separated  by  the  interposition  of  Magnetism 
fi-oni  the  succeeding  subjects  (Galvanism,  &e.)  with  which  its  alliance 
seems,  at  first  sight,  the  closest^  and  although  some  general  notions  of 
the  laws  of  magnets  were  obtMned  at  an  earlier  period  than  a  know- 
ledge of  the  corresponding  relations  of  electric  phenomena :  for  the 
theory  of  electric  attraction  and  repnlsion  is  somewhat  more  simple 
than  of  magnetic ;  was,  in  tact,  the  first  obtained ;  and  was  of  use  in 
g  and  confirming  the  genei-alization  of  magnetic  laws. 


Discovery  of  Laws  of  Electric  Phewombsa. 

Fi  have  already  seen  what  was  the  state  of  this  branch  of  know- 
ledge at  the  beginning  of  the  seventeenth  century,  and  the  advan- 
ces made  by  Gilbert.  We  must  now  notice  the  additions  which  it 
subsequently  received,  and  especially  those  which  led  to  the  discovery 
of  genera!  laws,  and  the  establishment  of  the  theoiy ;  events  of  this 
kind  being  tho-^e  of  which  we  have  more  peculiarly  to  trace  the  con- 
ditions and  causes  Among  the  iacts  which  we  have  thus  especially  to 
attend  to,  are  the  electric  attractions  of  small  bodies  by  amber  and 
other  sftbstances  when  rubbed.  Bovle,  who  repeated  and  extended  the 
experiments  of  Gilbei-t,  does  n  t  af  p  t  ha  a  d  at  a  ; 
general  notions  ,  bnt  Otto  Gu  k  f  Maj,  1  bn  ab  u  tl 
time,  mide  i  \erj  material    tej  b     i  nng  that  th  as  an 

electiii,  foice  of  repulsion  as  11  as  f  ait  a  t  n  H  f  nd  that 
when  1  glole  of  sulphur  had  att-a  ted  a  f  ath  t  afte  w  d  p  fi  d 
it,  till  the  fLather  had  been  in  nta  t  th  m  h  b  ly  TJ  , 
when  verified  under  a  due  generality  of  circumstances,  forms  a  capital 
fict  in  our  present  subject.  Hawkesbee,  who  wrote  in  1709  {Physico- 
Mechamcal  Hxpniments^  also  observed  various  of  the  effects  of  atr 
traction  and  repulsion  upon  threads  hanging  loosely.  But  the  person 
who  appears  to  have  firat  fully  seized  the  general  law  of  these  fact-s,  is 
Vofc  11.— IB. 
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DiitayjwhoseexpedmentsappeariTitheMenioii'softheFi'ench  Academy, 
in  1733,  ll3i,  and  llsl.^  "I  discovered,"  he  says,  "a  very  simple 
principle,  which  accounts  for  a  great  part  of  the  iiTegularities,  and,  if 
I  may  use  the  terra,  the  caprices  that  seem  to  accompany  most  of  the 
experiments  in  electricity.  This  principle  is  that  electric  bodies  attract 
«11  those  that  are  not  so,  and  repel  them  as  -ioon  as  they  are  become 
electric  by  the  vicinity  or  contact  ot  the  electiic  body.  ,  .  .  Upon 
applying  tils  principle  to  vanous  experiments  of  electricity,  any  one 
will  be  surprised  at  the  number  of  obstuie  and  puzzling  facta  which  it 
clears  up."  By  the  help  of  thjs  prmciplo,  he  endeavors  to  explain 
several  of  Hawkesbee'a  expeiinieiits 

A  little  anterior  to  Dufav  s  experiments  ivt,re  those  of  Grey,  who,  in 
1729,  discovered  the  properties  of  conductois  He  found  that  the 
attraction  and  repulsion  which  appear  in  electi'ic  bodies  are  exhibited 
also  by  other  bodies  in  contact  with  the  electric.  In  tliis  manner  he 
found  that  an  ivory  ball,  connected  with  a  glass  tube  by  a  stick,  a  wire, 
or  a  packthread,  attracted  and  repelled  a  feather,  as  the  glass  itself 
would  have  done.  He  was  then  led  to  try  to  extend  this  communication 
to  considerable  distances,  iirst  by  ascending  to  an  upper  window  and 
hanging  down  his  ball,  and,  afterwards,  by  carrying  the  string  horizon- 
tally supported  on  looj®.  As  his  success  was  complete  in  the  former 
case, he  was  perplexed  by  failure  in  the  latter;  but  when  bo  supported 
the  string  by  loops  of  silk  instead  of  hempen  cords,  he  found  it  again 
become  a  conductor  of  electiicity.  This  he  ascribed  at  first  to  the 
smaller  thicVness  of  the  silk,  which  did  not  cariy  off"  so  much  of  the 
electric  virtue ;  but  fi'om  this  explanation  he  was  again  driven,  by 
finding  that  wires  of  braes  still  thinner  than  the  silt  destroyed  the 
effect.  Thus  Grey  perceived  that  the  efficacy  of  the  support  depended 
on  its  being  silk,  and  he  soon  found  other  substances  which  answered 
the  same  purpose  The  djfierence  in  fact  depended  on  the  supporting 
substance  being  electrn.  and  therefoie  not  itself  a  conductor ;  for  it 
soon  appeared  from  such  expLiiments  and  especially'  from  those  made 
by  Dufey,  that  substances  might  be  d  nded  into  electrics  per  se,  and 
notb^leetrics,  or  condttctors  Thee  terms  were  introduced  by  Desaga- 
liers,'  and  gave  a  peimanent  curiencv  to  the  results  of  the  labors  of 
Grey  and  others. 

Another  very  important    Iisc  ^eiv  belonging  to  this  period  is,  that 

'  Priestley's  Ilhlo  y  of  Ml^i      tj  \   i     nnd  the  Momoira  C[iioted. 
'  Mem,  Acad.  P<t  \  "i  '  Priestley,  p,  66. 
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of  the  two  kiiKla  of  cloctticity.  Tiiis  also  was  ma^lo  by  Dufay. 
"  Cliauce,"  says  lie,  "  has  thrown  in  my  way  another  principle  more 
universal  and  remarkable  than  the  preceding  one,  and  which  casts  a 
new  light  upon  the  subject  of  electricity.  The  principle  is,  that  there 
are  two  distinct  kinds  of  electricity,  very  different  from  one  another ; 
one  of  which  I  call  vitreous,  tie  other  remious,  electricity.  The  first 
is  that  of  glass,  gems,  hair,  wool,  &c. ;  the  second  is  tliat  of  amber, 
gnm-lac,  silk,  &c.  The  characteristic  of  these  two  electricities  is,  that 
they  repel  themselves  and  attract  each  other."  This  discovery  does 
not,  however,  appear  to  have  drawn  so  much  attention  as  it  deserved. 
It  was  published  in  1735;  (in  the  Memoirs  of  the  Academy /br  1733 ;) 
and  yet  n  174  Faukln  and  his  ihenJs  at  Phiadeliha  who  had 
been  suppl  ed  w  th  le  t  cal  appirains  and  ufom  at  on  b^  [  e  ■sons  in 
Euglan  1  well  acqua  ted  w  th  the  the  j  e  ent  state  of  the  s  bject, 
mag  ne  1  that  fhey  ere  maki  g  ob  e  vit  o  s  L  on  to  Eu  opoan 
scenee  whentk  y  v  re  lei  to  a  rt  tno  conl  t  on  of  b  d  s  vhich 
were  jn  fact  the  oppMito  electricities  of  Dufay,  thonj,li  the  Amedcan 
experimenters  referred  them  to  a  single  element,  of  which  electrized 
bodies  might  have  either  excess  or  defects  "  Hence,"  Franklin  says, 
"  have  arisen  some  new  terms  among  us :  wo  say  B,"  who  receives  a 
spark  from  glass,  "  and  bodies  in  like  circumstances,  is  electrized  posi- 
tively \  A,"  who  communicates  his  electricity  to  glass,  "  negatively  ; 
or  rather  B  is  electrized  plus,  A  minus."  Dr.  (afterwards  Sir  Wil- 
liam) Watson  had,  about  the  same  time,  andved  at  the  same  conclu- 
sions, which  he  expresses  by  saying  that  the  electricity  of  A  was  more 
rare,  and  that  of  B  more  dense,  than  it  naturally  would  have  been.' 
But  tliat  which  gave  the  main  importance  to  this  doctrine  was  its  appli- 
cation to  some  remarkable  experiments,  of  which  we  must  now  speak. 
Electi'ic  action  is  accompanied,  in  many  cases,  by  light  and  a  crack- 
ling sound  Otto  Guencke'  obser>  es  that  his  Bulphur-glohe,  when  rub- 
bed in  a  daik  place,  gave  fatnt  flashes,  such  as  take  place  when  sugar 
is  crushed  And  shortly  after,  a  light  nas  obsei'ved  at  the  surface  of 
the  mercuij  m  the  barometci,  when  shaken,  which  was  explained  at 
first  by  Bernoulli,  on  tlie  then  prev  ilcnt  Cirtesian  principles ;  but, 
afterwards,  moie  trulj  by  Hiwkesbee,  is  an  electiical  phenomenon. 
Wall,  m  1708,  found  sparks  produced  by  luhbing  amber,  and  Hawkes- 
bee  observed  the  bght  and  the  snaking,  as  he  calls  it,  under  various 
modifications      But  the  electric  spaik  fiom  a  living  body,  which,  as 

'  lue  tJ.v  2    Jl  '  r'pei  n-iii  Vi/Jebir^qica,  1072,  lib,  iv.  onp.  15. 
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Pnestlcy  says,'  "  makes  a  principal  part  of  the  diversion  of  gentlemen 
and  ladies  who  come  to  see  experiments  in  electricity,"  was  first  observed 
by  Duiayandthe  Abl)6  Nollet.  Nollet  says'  he  "  shall  never  foi^et 
the  surprise  which  the  firat  electric  spart  ever  drawn  from  the  human 
body  excited,  both  in  M.  Dufay  and  in  himself."  The  drawing  of  a  spark 
from  the  human  body  was  practised  in  various  forms,  one  of  which 
was  familiarly  known  as  the  "  electrical  kiss."  Other  exhibitions  of 
electrical  light  were  the  electrical  star,  electrical  rain,  and  the  like. 

As  electricians  determined  more  exactly  the  conditions  of  electrical 
action,  they  succeeded  in  rendering  more  intense  those  sudden  actions 
which  the  spark  accompanies,  and  thus  produced  the  electric  s^ock. 
This  was  especially  done  in  the  Lei/den  phial.  This  apparatus  re- 
ceived its  name,  while  the  discovery  of  its  property  was  attributed  to 
Cunteus,  a  native  of  Leyden,  who,  in  1746,  handling  a  vessel  contain- 
ing water  in  communication  with  the  electiical'  machine,  and  happen- 
ing thus  to  bring  the  inside  and  the  ontside  into  connexion,  received  a 
sudden  shock  in  his  arms  and  breast.  It  appears,  however,*  tliat  a 
shock  had  been  received  under  nearly  the  same  circumstances  in 
1745,  by  Von  Kleist,  a  German  prelate,  at  Camin,  in  Pomerania. 
The  strangeness  of  this  occurrence,  and  the  suddenness  of  the  Mow, 
much  exs^erated  the  estimate  whicli  men  formed  of  its  force.  Mua- 
chenbroek,  after  taking  one  shock,  declared  he  would  not  take  a 
second  for  the  kingdom  of  France ;  though  Boze,  with  a  more  mag- 
nanimous spirit,  wished'  that  he  might  die  by  such  a  stroke,  and 
have  the  circranstances  of  the  experiment  recorded  in  the  Memoirs  of 
the  Academy.  But  wo  may  easily  imagine  what  a  new  feme  and 
interest  this  discovery  gave  to  the  subject  of  electricity.  It  was  re- 
peated in  all  parts  of  the  world,  with  vaiious  modifications  :  and  the 
shock  was  passed  through  a  line  of  several  pei-sona  holding  hands ; 
NoUet,  in  the  presence  of  the  king  of  France,  sent  it  through  a  circle 
of  180  men  of  the  guards,  and  along  a  line  of  men  and  wires  of  900 
toises  ;'°  and  experiments  of  the  same  kind  were  made  in  England, 
principally  nnder  the  direction  of  Watson,  on  a  scale  so  large  as  to 
excite  the  admiration  of  Muschenbroek  ;  who  says,  in  a  letter  to  Wat- 
son, "  Magniflcentissimis  tuis  experimentis  snperasti  conatus  omnium." 
The  resnlt  was,  that  the  transmission  of  electricity  through  a  Icngtk 
of  12,000  feet  was,  to  sense,  instantaneous. 


'  P.  p.  4t.        '  Priestley,  p.  47.    KoUet,  Lecotia  de  Physiqiie,  vol.  vi,  p.  408, 
'  Fiecliei-,  v.  490.  '  Fischer,  p.  84.  ""  Ibid,  v,  512. 
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The  eesential  ciroumstanoes  of  the  electric  shock  were  gradually 
unravelled.  Watson  found  that  it  did  not  increase  in  proportion 
either  to  the  contents  of  the  phial  or  the  size  of  the  globe  by  whicli 
the  electricity  was  excited ;  that  the  outside  coating  of  the  glass 
(which,  in  the  first  form  of  the  experiment,  was  only  a  film  of  water), 
and  its  contents,  might  be  varied  in  different  ways.  To  Franklin  is 
due  the  merit  of  clearly  pointing  ont  most  of  the  circumstances  on 
which  the  efficacy  of  the  Leyden  phial  depends.  He  showed,  in 
J  747,"  that  the  inside  of  the  bottle  is  electrized  positively,  the  outside 
negatively ;  and  that  the  shoct  is  produced  by  the  restoration  of  the 
equOibriam,  when  the  outside  and  inside  are  brought  into  communi- 
cation suddenly.  But  in  order  to  complete  this  discovery,  it  remained 
to  be  shown  that  the  electiic  matter  was  coEected  entirely  at  the  sur- 
face of  the  g!a^  and  that  the  opposite  electricities  on  tlie  two  oppo- 
site sides  of  the  glass  were  accumulated  ly  their  mutual  attraction. 
Monnier  the  yonnger  discovered  that  the  electricity  which  bodies  can 
receive,  depends  upon  tlieir  surface  rather  ih-m  tlieir  mass,  and  Frank- 
lin" soon  found  that  "the  whole  foice  ot  the  bottle  a  d  p  f 
giving  a  shock,  is  in  the  glass  itself."  This  thej  pio^ed  by  d  t  ng 
the  water  out  of  &n  electrized  into  another  bottle,  when  t  api  d 
tliat  the  second  bottle  did  not  become  electric,  but  the  first  m  n  d 
so.  Thus  it  was  found  "  that  the  non-electiics,  in  conta  t  w  th  th 
glass,  served  only  to  unite  the  force  of  the  several  parts." 

So  fer  as  the  effect  of  the  coating  of  the  Leyden  phial  n  d 

this  was  satisiactory  and  complete :  but  Franklin  was  not  q  Uy 
cessful  in  tracing  the  action  of  the  electric  matter  up  n  ts  If,  n 
virtue  of  which  it  is  accumulated  in  the  phial ;  indeed,  he  appears  to 
have  ascribed  the  effect  to  some  property  of  the  glass.  The  mode  of 
describing  this  action  varied,  accordingly  as  two  electric  fluids  were 
supposed  (with  Dnfay,)  or  one,  which  was  lie  view  taken  by  Franklin, 
On  this  latter  supposition  the  parts  of  the  electric  fluid  repel  eacli 
other,  and  the  excess  in  one  surface  of  the  gla^  expels  the  fluid  from 
the  other  sniface.  This  kind  of  action,  however,  came  into  much 
clearer  view  in  the  experiments  of  Canton,  Wilcke,  and  jEpinus.  It 
was  principally  manifested  in  the  attractions  and  repulsions  which 
objects  exert  when  they  are  in  the  neighborhood  of  electrized  bodies ; 
or  in  the  electrical  atmosphere,  using  the  phraseology  of  the  time.  At 
present  we  say  that  bodies  are  electrized  hy  induction,  when  they  are 

"  Letter^,  p,  13.  '^  Lettcri,  iv.  Sect.  16. 
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thus  made  electric  by  the  electric  attraction  and  lepulsioii  of  otlier 
bodies.  Canton's  exporiments  were  communicated  to  tbe  Royal 
Society  in  1753,  and  show  that  the  electricity  on  each  body  acta 
upon  the  electricity  of  another  body,  at  a  distance,  with  a  repulsive 
energy.  Wilcke,  in  like  manner,  skewed  that  parts  of  non-electrics, 
plunged  in  electric  ntmospherea,  acquire  an  electricity  opposite  to  that 
of  mcix  atmospheres.  And  jEpinus  devised  a  method  of  examining 
the  uatui-G  of  the  electricity  at  any  part  of  tlie  surface  of  a  body,  by 
means  of  which  he  ascertained  its  distribution,  and  found  that  it 
agreed  with  such  3,  law  of  self-repulsion.  His  attempt  to  give  mathe- 
matical precision  to  this  induction  was  one  of  the  most  im^wrtant 
steps  towards  electrical  theory,  and  must  be  spoken  of  shortly,  in  that 
point  of  view.  But  in  the  mean  time  we  may  observe,  that  tliis 
doctrine  was  applied  to  the  explanation  of  the  Leyden  jar ;  and  the 
explanation  was  conflimed  by  charging  a  plate  of  aii',  and  obtaining  a 
shock  from  it,  in  a  manner  which  the  tlieory  pointed  out. 

Before  we  proceed  to  the  history  of  the  theory,  we  must  mention 
m     th       ft!     1  fib  h   h  t      !       d    li  h 

th  I     t  d  t        pi  Am         th     m    t      1  Tmt  d     f 

thes  il       fi    t     f    h    p  po    t  1    to  d  tl      ph 

t     1    t      ty         th       tm    il  Th     f  rm        t  th 

ta  fth   tirat    h  hF     kli      b=       d  k 

able.  It  was  found  that  the  pomta  ot  needles  and  the  like  thio«  off 
and  draw  off  tie  electiic  v  t        th  b  Ik      d      ted  to  ards  an 

electrized  ball,  at  six  or  eii,ht  h  dta  dtylts  electric 
action.    Tbe  latter  subject,        1     g  th  d     t        f  th    der  and 

lightning,  and  of  many  otli  t       1  oi  al  p I  a,        ted  great 

interest.  The  comparison  Ith  It  pktiht  glad  very 
early, been  made;  but  it  ly     h      th     d     li    g     had  been 

rendered,  more  powciful  in  th    Ijey  1      j      th  t  th  p        n  of  the 

effects  became  very  planaibl  F  klin,  ab  t  1750  li  d  ffered  a 
few  somewhat  vague  conj    tur        re  p    t        tl  t    ce  of  elec- 

tricity in  the  clouds  ;  but  it  1 1 1!  W  1  k        d  Mp        had  ob- 

tained clear  notions  of  the   ff    t    f    1    t  tt       t      1  t    ce,  that 

the  real  condition  of  the  cl  1  Id  b  II  J  rst  d  In  1762, 
however,"  D'Alibard,  and  thF  hplil  jh-^w  1  rom  of 
verifying  Franklin's  conjector      f  th  1     y    f  th     d      and  elec- 

tricity.    This  they  did  by        t  p      t  d  1  f  rtj  f  et  high, 
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at  Marli ;  the  rod  was  found  capable  of  giving  out  electrical  sparks 
when  a  thunder-cloud  passed  over  the  place.  This  was  repeated  in 
various  parts  of  Europe,  and  Franklin  suggested  that  a  communication 
with  the  clouds  might  be  formed  by  means  of  a  kite.  By  tlieae,  and 
similar  means,  the  electricity  of  the  atmosphere  was  studied  by 
Canton  in  England,  Maaeas  in  France,  Beccaria  in  Italy,  and  others 
elsewhere.  These  essays  soon  led  to  a  fatal  accident,  the  death  of 
Riehman  at  Petersburg,  while  he  was,  on  Aug.  8th,  1'763,  observing 
the  electricity  collected  from  an  approaching  thunder-cloud,  by  means 
of  a  rod  which  he  called  an  electrical  gnomon  :  a  globe  of  blue  fire 
was  seen  to  leap  from  the  rod  to  the  head  of  the  unfortunate  professor, 
who  was  thus  struck  dead. 

[2nd  Ed.]  [As  an  important  application  of  the  doctrines  of  elec 
tricity,  I  may  mention  tJie  contrivances  employed  to  protect  ships  from 
the  effects  of  lightning.  The  use  of  conductors  m  such  cases  is  at- 
tended w  til  peculiar  difficulties.  In  1780  the  French  began  to  torn 
tl  e  r  attention  to  this  subject,  and  Le  Eoi  was  sent  to  Brest  and  the 
vai  o  s  sea-ports  of  France  for  that  purpose.  Chains  temporarily 
ajpled  nthe  rigging  had  been  previously  augg^ted,  bnt  he  endea- 
vored to  [.lace,  he  says,  such  conductors  in  ships  as  might  be  fixed  and 
durable.  He  devised  certain  long  Jinked  rods,  which  led  from  a  point 
in  the  mast-head  along  a  part  of  the  ri^ng,,  or  in  divided  stages  along 
tie  masts,  and  were  fixed  to  plates  of  metal  in  the  ship's  sides  com- 
municating with  tJie  sea.  But  these  were  either  unable  to  stand  tlie 
working  of  the  rising,  or  otherwise  inconvenient,  and  were  finally 


The  conductor  commonly  used  in  the  English  Navy,  till  recently, 
conasted  of  a  fiesible  copper  chain,  tied,  when  occasion  required,  to 
the  mast-head,  and  reaching  down  into  the  sea ;  a  contrivance  recom- 
mended by  Dr.  Watson  in  1762.  But  notwithstanding  this  precaution, 
the  shipping  sutfered  greatly  from  the  effects  of  lightning. 

Mr,  Snow  Harris  {now  Sir  WiUiam  Snow  Harris),  whose  electrical 
labors  are  noticed  above,  propc«ed  to  the  Admiralty,  in  1820,  a  plan 
which  combined  the  conditdons  of  ship-condactoi's,  so  desirable,  yet  so 
difficult  to  secure  : — namely,  that  they  should  be  permanently  fixed, 
and  sufficiently  large,  and  yet  should  in  no  way  interfere  with  the 
motion  of  the  rigging,  or  with  the  sliding  masts.  The  method  which 
he  proposed  was  to  make  the  masts  themselves  conductors  of  electricity, 

"  See  Lb  Eoi'e  Memoir  in  tlio  Siat.  Acad.  Sc.  for  lYSO. 
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by  incorporating  with  tliem,  ia  a  peculiar  way,  two  laminm  of  sheet- 
copper,  uniting  these  with  the  metallic  masses  in  the  hull  by  other 
laminsa,  and  giving  the  whole  a  froa  communication  with  the  sea. 
This  method  was  tried  experimentally,  both  on  models  and  to  a  large 
extent  in  the  navy  itself;  and  a  Commission  appointed  to  examine  the 
result  reported  themselves  highly  satisfied  with  Mr,  Harris's  plan,  and 
strongly  recommended  thatit  shonld  be  fliUy  carried  out  in  the  Navy."] 

It  is  not  here  necessary  to  trace  the  study  of  atntospheiic  electricity 
any  further:  and  we  must  now  endeavor  to  see  how  these  phenomena 
and  laws  of  phenomena  which  we  have  related,  were  worked  up  into 
consistent  ilieories;  for  though  many  experimental  observations  and 
measures  were  made  after  this  time,  they  were  guided  by  the  theory, 
and  may  be  considered  as  having  rather  discharged  the  office  of  con- 
firming than  of  suggesting  it. 

We  may  observe  also  tltwh  d        bltlp  nod     f 

most  extensive  activity  and      te     t  1    t      1  1  Th  se 

naturally  occurred  while  th    g         It  11  f  tl     ph 

mena  were  becoming,  and  w  tjtb  fildl  At 

such  a  period,  a  large  and  pop  1  i      f  -ip    t  t  d    m  t    rs 

feel  themselves  nearly  upon  II  th  1  f  th  tr  I  1 
speculations,  with  more  prof      dthk  tltp       dhth 

subject  is  become  a  science,  th  t  b,  t  ly  wh  h  II  t  h  I  ft 
far  behind  who  do  not  come  t  t  vith  d  ph  1  f  rm  1  d  1  gi 
cal  minds,  the  cultivators  are  far  more  few,  and  the  shout  of  applause 
less  tumultuous  and  less  loud.  "We  may  add,  too,  that  the  experiments, 
which  are  the  most  striking  to  the  senses,  lose  much  of  their  impres- 
siveness  with  their  novelty.  Electricity^  to  be  now  studied  rightly, 
must  be  reasoned  upon  mathematically ;  how  slowly  such  a  mode  of 
study  makes  its  way,  we  shall  see  in  the  progress  of  the  theory,  which 
we  must  now  proceed  to  narrate. 

[2nd  Ed.]  [A  new  mode  of  producing  electricity  has  excited  much 
notice  lately.  In  October,  1840,  one  of  the  workmen  in  attendance 
upon  a  boiler  belonging  to  the  Newcastle  and  Ihu-ham  Railway, 
reported  that  the  boiler  was  full  of  five ;  the  fact  being,  that  when  ho 
placed  his  hand  near  it  an  electrical  spark  was  given  out  This  drew 
the  attention  of  Mr.  Armstrong  and  Mr,  Pattinson,  who  made  the  cir- 
cumstance publicly  known."     Mr.  Armstrong  pursued  the  investigation 

"  See  Ml'.  Snow  Harris's  paper  in  Phil.  Mag.  Maiiiii,  1841. 
"  Pha.  Mag.  Oet  I8iO. 


d  by  Google 


PROGRESS   OF   ELECTRICAL   THEORY.  301 

witii  great  zoal,  and  after  various  conjectures  ivaa  able  to  announce" 
that  the  electricity  was  excited  at  the  point  where  the  steam  is  subject 
to  friction  in  its  emission.  He  found  too  tlat  he  could  produce  a  like 
effect  by  the  emission  of  condensed  ^r.  Following  out  his  views,  he 
was  able  to  construct,  for  the  Polytechnic  Institution  in  London,  a 
"  Hydro-electric  Machine,"  of  greaterpower  than  any  electrical  inacline 
previously  made.  Dr.  Faraday  took  up  the  investigation  as  the  subject 
of  the  Eighteenth  Series  of  his  Researches,  sent  to  the  Royal  Society, 
Jan.  36,  18i2 ;  and  in  this  he  illustrated,  with  his  usual  command  of 
copious  and  luminous  experiments,  a  lite  view ; — that  the  electricity  is 
produced  by  the  ft'iction  of  the  particles  of  the  water  carried  along  by 
the  stream.  And  thus  this  is  a  new  manifestation  of  that  electricity, 
which,  to  distinguish  it  from  voltaic  electricity,  is  sometimes  called 
Friction  Slectridty  or  Machine  Electricity,  Dr.  Faraday  has,  however, 
in  the  course  of  this  investigation,  brought  to  light  several  new  electri- 
cal relations  of  bodies.] 


CIIAPTEIl  TI. 
The  Prooress  of  Elkctbical  Thkoky. 

THE  cause  of  electiioal  phenomena,  and  the  mode  of  its  operation, 
were  natnraliy  at  first  spoken,  of  in  an  indistinct  and  wavering 
manner.  It  was  called  the  electric  fire,  the  electric  fiuid  ;  its  effects 
were  attributed  to  virtites,  effluvia,  atmospheres.  When  men's  mechan- 
ical ideas  became  somewhat  more  distinct,  the  motions  and  tendencies 
to  motion  were  ascribed  to  currents,  in  the  same  manner  as  the  cosmi- 
cal  motions  had  been  in  the  Cartesian  system.  This  doctrine  of 
currents  was  mMutained  by  NoUet,  who  ascribed  all  tie  phenomena  of 
electrized  bodies  to  the  contemporaneous  afBus  and  efflux  of  electrical 
matter.  It  was  an  important  step  towards  sound  theory,  to  get  rid  of 
this  notion  of  moving  fluids,  and  to  consider  attraction  and  repulsion  as 
statical  forces ;  and  this  appears  to  have  been  done  by  othew  about 
the  same  time.  Dufay'  considered  that  he  had  proved  the  existence 
of  two  electricities,  the  vitreous  and  the  resinous,  and  conceived  each 


"  FhiLMag.  Jan.  ]  842,  dated  Dae,  9,  1843.  '  Ac.  Par.  1733,1),  ^^7. 
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of  tlieso  to  bo  a.  fluid  whicli  repelled  its  own  parts  iind  attracted  tUose 
of  the  other :  this  is,  in  feet,  the  outMne  of  the  theory  which  recently 
has  been  considered  as  the  best  established  ;  but  from  Tarioiis  eanses  it 
was  not  at  once,  or  at  least  not  generally  adopted.  The  hj-pothesis 
of  the  excess  and  defect  of  a  siDgle  fluid  is  capable  of  being  so  treated 
as  to  give  the  same  results  with  the  hypothesis  of  two  opposite  fluids, 
and  happened  to  obtain  the  preference  for  some  time.  We  have 
already  seen  that  tliis  hypothesis,  according  to  which  electric  pheno- 
mena ai'ose  from  the  excess  and  defect  of  a  generally  ditfused  flniJ, 
suggested  itself  to  "VVatson  and  FranMin  abont  1747.  Watson  foniid 
tliat  when  an  electric  body  was  excited,  the  electricity  wm  not  created, 
but  collected;  and  FraiJclin  held,  that  when  the  Leyden  jar  was 
chaiged,  the  quantity  of  electricity  was  unaltered,  though  its  distiibu- 
tion  was  changed.  Symmer"  maintained  the  existence  of  two  fluids ; 
and  Oigna  supplied  the  main  defect  which  belonged  to  this  tenet  in 
the  way  in  which  Dnfay  held  it,  by  showing  tJiat  the  two  opposite 
electricities  were  usually  prodnced  at  the  same  time.  Still  the  appa- 
rent simpiieity  of  the  hypoth^is  of  one  fluid  procured  it  many  support- 
ers. It  was  that  which  Franklin  adopted,  in  his  explanation  of  the 
Leyden  experiment;  and  though  after  the  first  conception  of  an 
electrical  chaise  as  a  disturbance  of  equilibrium,  there  was  nothing  in 
the  development  or  details  of  Franklin's  views  which  deserved  to  win 
for  them  any  peculiar  authority,  his  reputation,  and  his  skill  as  a 
writer,  gave  a  considerable  iniuence  to  his  opinions.  Indeed,  for  a 
time  ho  was  considered,  over  a  large  part  of  Europe,  as  the  creator  of 
the  science,  and  the  terms'  Fianlhnism,  Fiaiiklinist,  Franklinian  eys- 
tem,  occur  in  almost  every  page  of  contmental  publications  on  the  sub- 
ject. Yet  the  electrical  phenompua  to  the  knowledge  of  which 
Franklin  added  least,  those  of  mduction,  ^veie  those  by  which  tbe  pro- 
gress of  the  theory  was  most  promoted  These,  as  wo  have  already 
said,  were  at  first  explained  by  the  hypothesis  of  electrical  atmospheres. 
Lord  Mahon  wi-ote  a  treatise,  in  whjch  this  hypothesis  was  mathema- 
tically treated ;  yet  the  hypothesis  was  very  untenable,  for  it  would 
not  account  for  the  most  obvious  cases  of  induction,  such  as  the  Leyden 
jar,  except  the  atmosphere  was  supposed  to  penetrate  glass. 

The  phenomena  of  electricity  by  induction,  when  feirly  considered 
by  a  person  of  clear  notions  of  the  relations  of  space  and  force,  wei'e 
seen  to  accommodate  themselves  very  generally  to  the  conception 

"  Fkil  7'rans.  llSS.  °  Priestley,  p.  100. 
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attracting  the  otli         I  p  h  y  fluid 

wliich  repels  itself      d  11  m    te  bta  n  any 

cnses,  the  same  gen   -aesto  p  fldstluif 

electrized  body,  overchat^ed  with,  the  smglo  fluid,  act  upon  a  ball,  it 
drives  the  elective  fluid  in  the  ball  to  the  further  side  by  its  repulsion, 
and  then  attracts  the  ball  by  attracting  the  matter  of  the  ball  more 
than  it  i-epela  the  fluid  which  is  upon  the  ball.  If  we  suppose  two 
fluids,  the  positively  electrized  body  draws  the  negative  fluid  to  the 
nearer  side  of  the  ball,  repels  the  positive  fluid  to  the  opposite  aide, 
and  attracts  the  ball  on  the  whole,  because  the  attracted  fluid  is  nearer 
than  that  wliich  is  repelled.  The  veiifioation  of  either  of  these  hypo- 
theses, and  the  determination  of  their  details,  depended  neceasanly 
upon,  experiment  and  calculation.  It  was  under  the  hypothesis  of  a 
single  fluid  tliat  this  trial  was  first  properly  made,  .^pinus  of  Peters- 
burg published,  in  ITBS,  his  Tentamen  27ieoH<s  Medricilalis  et  Ma^- 
nefismi ;  in  which  ho  traces  mathematically  the  conseqneuces  of  the 
Ljpothesis  of  an  electiic  fluid,  attracting  all  other  matter,  but  repel- 
ling itself,  the  law  of  foice  ot  this  repulsion  and  atti-action  lie  did 
net  pietend  to  assign  preciselj  confining  him=elf  to  the  supposition 
thrt  the  mutuil  foice  of  the  particles  increases  as  tlie  distance  de- 
creases But  it  was  found,  that  m  oi-der  to  make  this  thcoiy  tena- 
ble an  additional  supposition  was  required,  namely,  that  tiio  pai- 
ticles  of  bodies  npel  each  other  as  mucJi  as  tliey  attract  the  elec- 
tric fluid '  For  if  two  bodies,  A  and  B,  be  in  tlieir  natural  electri- 
cal condition,  the}  neithei  attract  nor  repel  each  other.  Now,  m  this 
case,  the  fluid  in  A  attracts  the  matter  in  B  and  repels  the  fluid  in  B 
with  equal  enet^,  and  thus  no  tendency  to  motion  results  from  the 
fluid  in  A  ;  and  if  we  further  suppose  that  the  matter  in  A  attracts 
the  fluid  in  B  and  r^h  the  matte]-  in  B  with  equal  ene^y,  ive  have 
the  resulting  mutual  inactivity  of  the  two  bodies  explained ;  but  with- 
ont  tlie  latter  supposition,  there  would  be  a  mutual,  attraction :  or  wc 
may  put  the  truth  more  simply  thus ;  two  negatively  electrized  bodies 
repel  each  other ;  if  negative  electrization,  were  merely  the  abstraction 
of  the  fluid  which  is  the  repulsive  element,  this  result  eould  not  follow 
except  there  were  a  repulsion  in  the.  bodies  themselves,  independent 
of  the  .fluid.  And  thus  ^Epinus  found  himself  compelled  to  assume 
this  mutual  repulsion  of  materia!  particles  ;  he  bad,  in  £ict,  the  alter- 


*  Mini.  A.  P.  1133,  p.  467.  '  Eobison,  vol  it.  p.  IS. 
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jiativo  of  tliis  supposition,  or  that  of  two  fluids,  to  ctoose  between,  for 
the  mathematica]  results  of  both  hypothesea  are  the  same.  Wilcke,  a 
Swede,  who  had  at  first  asserted  and  worked  out  the  ^pinian  theory 
in  its  original  form,  afterwards  inclined  to  the  opinion  of  Symmer ; 
and  Coulomb,  when,  at  a  later  period,  he  confirmed  the  theory  by  his 
experiments  and  determined  the  law  of  force,  did  not  hesitate  to  pre- 
fer* the  theory  of  two  fluids,  "because,"  he  says,  "it  appears  to  me 
contradictory  to  admit  at  the  same  time.  In  the  particles  of  bodies,  an 
attractive  force  in  the  inverse  ratio  of  the  BC[uarea  of  the  distances, 
which  is  demonstrated  by  universal  gravitation,  and  a  repulsive  force 
in  the  same  inverse  ratio  of  the  squares  of  the  distances;  a  force 
which  would  necessarily  be  iiilinitely  great  relatively  to  the  action  of 
gravitation."  We  may  add,  that  by  forcing  us  upon  this  doctrine  of 
the  universal  repulsion  of  matter,  iht  theory  of  a  single  fluid  seems 
quite  to  lose  that  superiority  in  the  way  of  simplicity  which  had  ori- 
ginally been  its  principal  recommendation. 

The  mathematical  results  of  the  supposition  of  .iEpinus,  which  arc, 
as  Coulomb  observes,'  the  same  as  of  that  of  the  two  fluids,  were 
traced  by  the  author  himself,  in  the  work  referred  to,  and  shown  to 
agree,  in  a  great  number  of  cases,  with  the  observed  facts  of  electrical 
induction,  attraction,  and  repulsion.  Apparently  this  work  did  not 
make  its  way  very  rapidly  through  Europe ;  for  in  l7Vl,  Henry  Ca- 
vendish stated'  the  same  hypothesis  in  a  paper  read  before  the  Eoyal 
Society  ;  which  ha  prefaces  by  saying,  "Since  I  first  wrote  the  follow 
ing  paper,  I  find  that  this  way  of  accounting  for  the  phenomena  of 
electricity  is  not  new.  jEpinus,  in  his  Tentamen  Theories  Mectricitatis 
et  Magnetitmi,  has  made  use  of  the  same,  or  nearly  the  same  hypotie- 
sis  that  I  have ;  and  the  conclusions  he  draws  ft-om  it  agree  nearly 
with  mine  as  fer  as  he  goes." 

The  confirmation  of  the  theoiy  was,  of  course,  to  be  found  in  the 
agreement  of  its  results  with  experiment ;  and  in  particular,  in  the 
facts  of  electrical  induction,  attraction,  and  repulsion,  which  suggested 
the  theory.  jEpinus  showed  that  such  a  confirmation  appeared  in  a 
number  of  the  most  obvious  cases ;  and  to  these,  Cavendish  added 
othere,  which,  though  not  obvious,  were  of  such  a  nature  that  the 
calculations,  in  general  difficult  or  impossible,  could  in  these  instances 
be  easily  performed ;  as,  for  example,  cases  in  which  there  are  plates 
or  globes  at  the  two  extremities  of  a  long  wire.    In  all  these  cases  of 

'  Mim.  Ae.  P.  1788,  p.  fill.  '  Ac  F.  1183,  p.  072, 
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elootrical  action  the  theory  was  justified.  But  in  order  to  give  it  full 
confirmation,  it  was  to  be  considered  whether  any  other  facts,  not  im- 
mediately assumed  in  the  foandation  of  the  theory,  were  explained  by 
it;  a  circnmstance  which,  as  we  have  seen,  gave  the  final  stamp  of 
truth  to  the  theories  of  astronomy  and  optics.  Now  we  appear  to 
have  such  confirmation,  in  the  effect  of  points,  and  in  the  pheno- 
mena of  the  electrical  discharge.  Tlio  tJieory  of  neither  of  these  was 
fnily  understood  by  Cavendish,  but  be  made  an  approach  to  the  true 
view  of  them.  If  one  part  of  a  conducting  body  be  a  sphere  of 
small  radius,  the  electric  fltdd  upon  tie  surface  of  this  sphere  wilt,  it 
appears  by  calculation,  be  more  dense,  and  tend  to  escape  more  ener- 
getically, in  proportion  as  the  radius  of  tlie  sphere  is  smaller ;  and, 
therefore,  if  we  consider  a  point  as  part  of  the  surface  of  a  sphere  of 
imperceptible  radius,  it  follows  from  the  theory  that  the  effort  of  the 
fluid  to  escape  at  that  place  will  be  enormous ;  so  that  it  may  e^ily 
be  supposed  to  overcome  the  resisting  causes.  And  the  dischai^e  may 
be  explained  in  nearly  the  same  manner ;  for  when  a  conductor  is 
brought  nearer  and  nearer  to  an  electrized  body,  the  opposite  electri- 
city is  more  and  more  accumulated  by  attraction  on  the  side  next  to 
the  electrized  body ;  its  tension  becomes  greater  by  the  incre^e  of  its 
quantity  and  the  diminution  of  tie  distance,  and  at  last  it  is  too  strong 
to  be  contained,  and  leaps  out  in  the  form  of  a  spart. 

The  light,  sound,  and  mechanical  effects  produced  by  the  electric 
discharge,  made  the  electric  fiuid  to  be  not  merely  considered  as  a 
mathematical  hypothesis,  useful  for  reducing  phenomena  to  formulas 
(as  for  a  long  time  the  magnetic  fluid  wm),  bnt  caused  it  to  be  at  once 
and  universally  accepted  as  a  physical  reality,  of  which  we  learn  the 
existence  by  the  common  nse  of  the  senses,  and  of  which  measures 
and  calculations  are  only  wanted  ta  teach  ns  the  laws. 

"Hie  appHcationa  of  the  theory  of  electricity  which  I  have  princi- 
pally considered  above,  are  those  which,  belong  to  conductors,  in  which 
the  electric  fluid  is  perfbctly  moveable,  and  can  take  that  distribution 
which  the  forcee  require.  In  non-condncling  or  electric  bodies,  the 
conditions  to  which  the  fluid  is  subject  are  less  easy  to  determine  ;  bnt 
by  supposing  that  the  fluid  moves  with  great  difficulty  among  the  par- 
ticles of  such  bodies, — that  nevertheless  it  may  be  dislodged  and  accu- 
mulated in  parts  of  the  surface  of  such  bodies,  by  fiiction  and  other 
modes  of  excitement ;  and  that  the  earth  is  an  inexhaustible  reservoir 
of  electric  matter, — the  principal  facts  of  excitation  and  the  like  receive 
a  tolerably  satisfactory  esplanation. 
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ThetliLi_i)  ct  Epiiiua,  huwtiu, ''till  reqnirti  k  liave  tlie  law  of 
action  of  tJii,  pirticles  of  tlie  fluid  dctcrmmeJ  If  we  were  to  call  to 
mind  how  moraentons  an  event  in  phjsical  a=tionoiny  was  the  deter- 
mination of  the  law  of  the  cosmical  forces,  tlio  inieise  square  of  the 
distance,  and  weie  to  suppose  the  importance  and  difficulty  of  the 
analogous  step  in  this  c-ise  to  le  of  the  aime  iind  this  would  be  to 
mistake  the  condition  of  science  at  that  time  The  leading  idea,  the 
conception  of  the  possibility  of  oxplaining  natural  phenomena  by 
means  of  the  action  of  toicet,  on,  rii^oionslj  mcchamca!  principles,  had 
already  been  promiilgitcl  by  Ntwton,  ind  wjs,  liom  the  first,  seen  to 
be  peeuliailj  apphcible  to  electncal  phenomena  so  that  tlie  veiy 
material  step  ot  dearlj  proposing  the  problem  often  more  important 
than  the  solution  of  it,  bad  already  been  made  Moreover  the  con- 
firmation of  the  truth  of  the  assumed  c^u^e  in  the  i&tronomical  case 
depended  on  taking  the  light  law  ,  but  the  electncal  theory  could  Tdo 
coniii-med  in  a  gonet'd  manner  it  least  without  this  restriction.  Still 
it  was  an  important  disco;  er>  that  the  h^y  of  the  m\er5e  square  pre- 
vailed in  these  as  well  as  in  cosmical  attractions 

It  was  impi=siljle  not  to  conjecture  licforehind  that  it  would  be  so. 
Cavendish  had  piofessed  in  hii  eaSeiilatiocs  not  to  tilce  the  exponent 
of  tie  inverse  powei,  on  nhich  the  foice  depended,  to  be  strictly  2, 
but  to  leave  it  indeteiminato  between  1  anl  3,  bit  m  his  applications 
of  his  resulti,  ho  otviously  inclines  to  the  assumption  that  it  is  2. 
Experimenters  bied  to  establish  this  m  laiions  ways.  Eobison,'  in 
1769,  had  ilready  pio^cd  thit  the  law  of  foico  is  very  neai'ly  or 
exactly  the  inverse  f>quaie ,  md  Meyei '"  h-id  disf  overed,  but  not  pub- 
lished, tlie  i-ame  result  The  clear  and  satisfectory  establishment  of 
this  truth  is  duo  to  Coulomb,  aud  was  one  of  the  first  steps  in  his 
important  series  of  researches  on  this  subject.  In  his  first  paper  "  in 
the  Memoirs  of  the  Academy  for  1785,  he  proves  this  law  for  small 
globes ;  in  his  second  Memoir  Le  sliows  it  to  be  true  for  globes  one 
aud  two  feet  in  diameter.  His  invention  of  the  torsioii-halance,  which 
measures  very  small  forces  with  great  certainty  and  exactness,  enabled 
him  to  set  this  question  at  rest  for  ever. 

The  law  of  force  bemg  determined  for  the  particles  of  the  electric 
fluid,  it  now  came  to  be  the  business  of  the  experimenter  and  the 


'  Works,  iv.  p.  68.  '°  Mog.  Una.  art,  Coulomb,  byBioti 
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mathematiLian  to  compaie  th  rnbults  ot  the  theot)  m  detail  with 
those  of  experimental  measnies  Coulomb  undertook  both  portions 
of  the  task  He  examiiied  the  electricity  of  portions  of  bodies  by 
means  of  a  little  disk  (his  lani/ert  j>lmt)  whicli  he  applied  to  them 
and  then  removed,  and  which  thus  acted  as  a  sort  of  electric  taster. 
His  numerical  results  (the  intensity  being  still  measured  by  t)ie  torsion- 
balance)  are  the  fundamental  iacts  of  the  theory  of  the  electrical  fluid. 
Without  entering  into  detail,  we  may  observe  tliat  he  found  the  elec- 
tricity to  be  entirely  collected  at  the  surface  of  conductors  (which 
Beccaria  had  before  shown  to  be  the  case),  and  that  he  examined  and 
recorded  the  electric  intensity  at  the  surface  of  globes,  cylinders,  and 
other  conducting  bodies,  placed  within  each  other's  influence  in 
various  ways. 

The  mathematical  calcnlation  of  the  distribution  of  two  fluids,  all 
the  particles  of  which  attract  and  i-epd  each  other  according  to  the 
above  law,  was  a  problem  of  no  ordinary  difficulty  ;  as  may  easily  be 
imagined,  when  it  is  recollected  that  tJie  attraction  and  repulsion  deter- 
mine the  distribution,  and  the  distribution  reciprocally  determines  the 
attraction  and  repulsion.  The  problem  was  of  the  same  nature  as  tbat 
of  the  figure  of  the  earth  ;  and  its  rigorous  solution  was  beyond  the 
powers  of  the  analysis  of  Coulomb's  time.  He  obtained,  however, 
approximate  solutions  with  much  ingenuity  ;  for  instance,  in  a  case  in 
which  it  was  obvious  that  the  electric  fluid  would  he  moat  accumulated 
at  and  near  the  equator  of  a  certain  sptere,  he  calculated  the  aetion 
of  the  sphere  on  two  suppositions :  first,  that  the  fluid  was  all  collected 
precisely  at  the  equator ;  and  next,  that  it  was  uniforaily  diffused  over 
the  surface ;  and  he  then  assumed  the  actual  case  to  be  intermediate 
between  these  two.  By  such  artifices  ho  was  able  to  show  that  the 
results  of  his  experiments  and  of  his  calculations  gave  an  agreement 
sufficiently  near  to  entitle  him  to  consider  the  theoiyas  established  on 
a  solid  basis. 

Thus,  at  this  period,  mathematics  was  behind  experiment ;  and  a 
problem  was  proposed,  in  which  theoretical  numerical  results  were 
wanted  for  comparison  with  observation,  but  could  not  be  accurately 
obtained;  as  was  the  case  in  asti'onomy  also,  till  the  time  of  the 
approximate  solution  of  ihe  Problem  of  Three  Bodies,  and  the  conse- 
quent formation  of  the  Tables  of  the  Moon  and  Planets  on  the  theory 
of  imiversal  gravitation.  After  some  time,  electrical  theory  was 
relieved  from  this  reproach,  mainly  in  consequence  of  the  progress 
which  astronomy  had  occasioned  in  pure  mafliematics.     About  1801, 
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there  appeared  in  the  Bulletin  dea  Sciences,"  an  exaot  solution  of  the 
problem  of  the  diBtribntion  of  electric  fluid  on  a  spheroid,  obtaioed  by 
M,  Eiot,  by  the  application  of  thepecuSiar  methods  which  Laplace  had 
invented  for  the  problem  of  the  figure  of  the  planets.  And  in  1811, 
M.  Poisson  applied  Lapla<;e's  artifices  to  the  case  of  two  spheres  acting 
npon  one  another  in  contact,  a  case  to  which  many  of  Coulomb's  experi- 
ments were  leferiible ;  and  the  agreement  of  the  results  of  theory  and 
observation,  thus  extricated  from  Coulomb's  mimbers,  obtained  above 
forty  years  previously,  was  very  striking  and  convincing."  It  followed 
also  ftom  Poisson'e  calculations,  that  when  two  electrized  spheres  are 
brought  near  each  other,  tlie  accnmulation  of  the  opposite  electricities 
on  their  nearest  points  iucreafics  without  limit  as  the  spheres  approach 
to  contact ;  so  that  before  the  contact  takes  place,  the  external  resist- 
ance will  be  overcome,  and  a  spark  wiU  pass. 

Though  the  relations  of  non-conductors  to  electricity,  and  variona 
other  circumstances,  leave  many  fiicts  imperfectly  explained  hy  the 
theory,  yet  we  may  venture  to  say  that,  as  a  theory  which  gives  ttie 
laws  of  the  phenomeua,  and  which  determines  the  distribution  of  those 
elementary  forces,  on  the  surface  of  electrized  bodies,  from  which  ele- 
mentary forces  (whether  ai-ising  ft-om  the  presence  of  a  fluid  or  not,) 
the  total  effects  result,  the  doctrine  of  Duiay  and  Coulomb,  as  deve- 
loped in  the  analysis  of  Poisson,  is  securely  and  permanently  esta- 
blished. This  part  of  the  subject  has  been  called  statical  electricity. 
In  the  establishment  of  the  theoi>  of  this  biiuch.  of  science,  we  must, 
I  conceive,  allow  to  Dufay  more  meiit  than  is  generally  ascribed  to 
him  ;  since  he  saw  clearly,  and  enunciated  m  a  manner  which  showed 
that  he  duly  appreciated  their  capital  iharatter,  the  two  chief  princi- 
ples,— the  conditions  of  elettncal  attiaction  aiid  repulsion,  and  the 
apparent  existence  of  two  kmdo  of  electnoity.  His  views  of  attrac- 
tion are,  indeed,  partly  expressed  in  terms  of  the  Cartesian  hypothesis 
of  vortices,  then  prevalent  in  France ;  but,  at  the  time  when  he  wrote, 
these  forms  of  speech  indicated  scarcely  anything  besides  the  power 
of  attraction.  Franklin's  real  merit  as  a  discoverer  was,  that  he  was 
one  of  the  first  who  distinctly  conceived  the  electrical  charge  as  a 
derangement  of  equilibrium.  The  great  fame  which,  in  his  day,  he 
enjoyed,  arose  from  the  clearness  and  spirit  with  which  he  narrated  his 
discoveries ;  from  his  dealing  with  electricity  in  the  imposing  form  of 
thunder  and  lightning ;  and  partly,  perhaps,  from  his  character  as  an 

"  Ko.  li.  "Mem.  A.  P.  1811. 
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American,  and  a  politician  ;  for  he  was  already,  in  1736,  engaged  in 
public  affairs  as  clerk  to  the  General  Assembly  of  Pennsylvania,  though 
it  was  not  till  a  later  period  of  his  life  that  hia  admirers  had  the  occa- 
sion of  saying  of  him 

Eripiiit  ccelis  tulmen  sceptrumquc  tyi'annis ; 

Born  to  control  all  lawless  force,  all  fierce  and  baleful  eway, 
The  thunder's  bolt,  the  tyrant's  rod,  alike  he  wrenched  away. 

jEpinns  and  Coulomb  were  two  of  the  most  eminent  physical  philo- 
sophers of  the  last  century,  and  labored  in  the  way  peculiarly  reqnired 
by  that  generation  ;  whoso  office  it  was  to  examine  the  results,  in  pai'- 
ticnlar  subjects,  of  t}ie  general  conception  of  attraction  and  repulsion, 
as  introduced  by  Newton,  The  i-easonings  of  the  Newtonian  period 
had,  in  some  measure,  anticipated  all  possible  theories  resembling  the 
electrical  doctrine  of  jEpinna  and  Coulomb  ;  and,  on  that  account, 
this  doctrine  could  not  be  introduced  and  confirmed  in  a  sudden  and 
Btriting  manner,  so  as  to  make  a  great  epoch.  Accordingly,  Dniay, 
Symmer,  Watson,  Franklin,  ^Epinus  and  Coulomb,  have  all  a  share  in 
the  process  of  induction.  With  reference  to  these  founders  of  the 
theory  of  electricity,  Poisson  holds  the  same  place  which  Laplace  holds 
with  reference  to  Newton. 

The  reception  of  the  Coulombian  theory  (so  we  must  call  it,  for  the 
.iEpiniau  theory  implies  one  fluid  only,)  has  hitherto  not  been  so  gene- 
ral as  might  have  been  reasonably  expected  from  its  very  beautiiiil 
accordance  with  the  facts  which  it  contemplates.  This  has  partly  been 
owing  to  the  extreme  abstrnseness  of  the  mathematical  reasoning 
which  it  employs,  and  which  put  it  out  of  the  reach  of  most  experi- 
menters and  writers  of  works  of  general  circulation.  The  theory  of 
jEpinus  was  explained  by  Eobison  in  the  Encydr^cedia  Britanniea ; 
the  analysis  of  Poisson  has  recently  been  presented  to  the  public  in 
the  Mncyclopredia  MefropoUtana,  but  is  of  a  kind  not  easily  mastered 
even  by  moat  mathematicians.  On  these  accounts  probably  it  is,  that 
in  English  compilations  of  science,  we  find,  even  to  this  day,  the  two 
theories  of  one  and  of  two  fluids  stated  as  if  they  were  nearly  on  a  par 
in  respect  of  their  experimental  evidence.  Still  we  may  say  that  the 
Coulombian  theory  is  probably  assented  to  by  all  who  have  examined 
it^  at  least  as  giving  the  laws  of  phenomena ;  and  I  have  not  heard  of 
any  denial  of  it  from  such  a  quarter,  or  of  any  attempt  to  show  it  to  be 
erroneous  by  detailed  and  mcasui-ed  experiments.  Mr.  Snow  Harris 
Vol.  IL— 14. 
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has  recently'*  described  some  important  experimeiita  and  n 
but  his  apparatus  was  of  such  a  kind  that  the  comparison  of  the  results 
with  tie  Coulombian  theory  was  not  easy  ;  and  indeed  the  mathema- 
tical problems  which  Mr.  Harris's  combinations  offered,  require  another 
Poisson  for  their  solution.  Still  tie  more  obvious  results  are  sucli  as 
^ee  with  the  theory,  evea  in  the  cases  ia  which  their  author  con- 
sidered them  to  be  inexplicable.  For  example,  he  found  that  by 
doubling  the  quantity  of  electi-icity  of  a  coaductor,  it  attracted  a  body 
witi  four  times  the  force ;  but  the  body  not  being  insulated,  would 
hare  its  electricity  also  doubied  by  induction,  and  thus  the  fact  was 
what  the  theory  required. 

Though  it  is  tlius  highly  prabable  that  the  Coulonibian  theory  of 
electricity  (or  the  ^Epinian,  which  is  mathematically  equivalent)  will 
stand  as  a  true  representation  of  the  law  of  the  elementary  actions,  we 
must  yet  allow  that  it  has  not  received  that  complete  evidence,  ty 
means  of  experiments  and  calculations  added  to  those  of  its  founders, 
which  tie  precedents  of  other  permanent  sciences  have  led  us  to  look 
for.  The  experiments  of  Coulomb,  which  he  used  in  the  establishment 
of  the  theory,  were  not  very  numerous,  and  tliey  were  limited  to  a 
peculiar  form  of  bodies,  namely  spheres.  In  ordei'  to  form  the  proper 
sequel  to  the  promulgation  of  this  theory,  to  give  a  full  confirmation, 
and  to  ensure  its  general  reception,  we  ought  to  have  experiments 
more  numerous  and  more  varied  (such  as  those  of  Mr.  Harris  are)  shown 
to  agree  in  all  respects  wuh  results  calculated  iiom  the  theory.  This 
would,  as  we  have  said,  be  a  task  of  Uboi  and  difBculty ;  but  tie  per- 
son who  shall  execute  it  will  deaene  to  be  considered  as  one  of  the 
real  founders  of  the  true  doetrme  of  electiicity.  To  show  that  the 
coincidence  between  theory  and  observation,  which  has  already  been 
proved  for  spherical  conductors,  obtains  albo  for  bodies  of  other  forms, 
will  be  a  step  in  electncity  analogous  to  what  was  done  in  astronomy, 
when  it  was  shown  tliat  the  law  of  plantation  applied  to  comets  as 
well  as  to  planets. 

But  although  we  consider  the  views  of  .^pinus  or  Coulomb  in  a  very 
high  degree  probable  as  &/ofmal  theory,  the  question  is  very  different 
when  we  come  to  examine  them  as  a.  physical  theory  ; — that  is,  when 
we  inquire  whether  there  really  is  a  material  electi-ic  fluid  or  fluids. 

Question  of  One  or  Two  Fluids. — In  the  fii-st  place  as  to  the  ques- 
tion whether  fie  fluids  are  one  or  two  ; — Coulomb's  inti'oduction  of 

"  PMl.  Trans.  1834,  p.  3, 
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the  hypothesis  of  two  fluids  has  Ijecu  spoken  of  as  a  leform  of  the 
theory  of  ^piniis  ;  it  would  probably  have  been  more  safe  to  have 
called  his  labors  an  advance  in  the  calculation,  and  ia  the  comparison 
of  hypothesis  with  esperiment^  than  to  have  used  language  which  im- 
plied that  the  question,  between  the  rival  hypotbesra  of  one  or  two 
fluids,  could  be  treated  as  settled.  For,  in  reality,  if  we  assume,  aa 
jEpinus  does,  the  mutual  repulsion  of  all  the  particles  of  matter,  in 
addition  to  the  repulsion  of  the  particles  of  the  electiic  fluid  for  ouo 
another  and  their  attraction  for  the  particles  of  matter,  the  one  fluid 
of  Spinas  will  give  exactly  the  same  results  as  the  two  fluids  of  Cou- 
lomb. The  mathematical  formulie  of  Coulomb  and  of  Poisson  ex- 
press the  conditions  of  the  one  ease  as  well  as  of  the  other ;  the 
interpretation  only  being  somewhat  different.  Th&  pkce  of  the  forces 
of  the  resinous  fluid  is  supplied  by  the  excess  of  the  forces  ascribed  to 
the  matter  above  the  forces  of  the  fluid,  in  the  parts  where  the  clecti'ic 
fluid  is  deficient. 

The  obvious  argument  against  this  hypothesis  is,  that  we  ascribe  to 
the  particles  of  matter  a  mutual  repulsiou,  in  addition  to  the  mutual 
attraction  of  universal  gravitation,  and  that  this  appears  incongruous. 
Accordingly,  .jEpinus  says,  that  when  be  was  first  driven  to  this  pro- 
position it  horrified  him.''  But  we  may  answer  it  in  tliis  way  veiy 
satisfactorily : — If  we  suppose  tlie  mutual  repulsion  of  matter  to  be 
somewhat  Jess  than  the  mutual  attraction  of  matter  and  electric  fluid, 
it  will  follow,  aa  a  consequence  of  the  hypothesis,  that  besides  all 
obvious  electrical  action,  the  particles  of  matter  would  attract  each 
other  with  forces  vaiying  inversely  as  the  square  of  the  distance. 
Thus  gravitation  itself  becomes  an  electrical  pheuomenou,  arising  from 
the  residual  excess  of  attraction  over  repulsion  ;  and  the  lact  which  is 
urged  against  the  hypothesis  becomes  a  eoniiroiation  of  it.  By  this 
consideration  the  prerogative  of  simplicity  passes  over  to  the  side  of 
the  hypothesis  of  one  fluid;  and  the  rival  *view  appears  to  lose  at  least 
all  its  superiority. 

Yery  recently,  M.  Moeotti"  has  calculated  the  results  of  the  jEpinian 
theory  in  a  hr  more  complete  manner  than  bad  previously  been  pei'- 
formed ;  using  Laplace's  coefficients,  as  Poisson  had  done  for  the  Cou- 


"  Neqaa  iliffitaoi'  cum  ipsa  se  miW  offeiTfit  ....  me  nd  ipsain  quodammodo 
iiomiisse.     Tentameti.  Theor.  Elect,  p.  39. 
'"  SuT  U»  ^Forces  qui  rlginsent  la  Coiiiititution  Intirieure  dcs   Corps.     Turin. 
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lombiau  theor)\  He  finds  that,  from  tlie  supposition  of  a  fluid  and  of 
particles  of  matter  exercising  such  forces  as  that  theory  aasiunes  (with 
the  very  allowable  additional  supposition  that  the  particles  are  stuaU 
compared  with  their  distances),  it  follows  that  the  particles  would  ex- 
ert a  force,  repulsive  at  the  smallest  distances,  a  little  further  on  van- 
ishing, afterwards  attractive,  and  at  all  sensible  distances  attracting  in 
proportion  to  the  inverse  square  of  the  distance.  Thus  there  would 
be  a  poaitiott  of  stable  eqniUbrium  for  the  particles  at  a  very  siiiaH 
distance  ftom  each  other,  which  may  be,  M.  Mosotti  suggests,  that 
equilibrium  on  which  their  physical  structure  depends.  According  to 
this  view,  the  resistance  of  bodies  to  compression  and  to  extecsion,  as 
well  as  the  phenomena  of  statical  electricity  and  the  mutnal  gravita- 
tion of  matter,  are  accounted  for  by  the  same  hypothesis  of  a  single 
fluid  or  ether.  A  theory  which  offers  a  prospect  of  such  a  generali- 
zation is  woi-th  attention ;  but  a  very  clear  and  comprehensive  view 
of  the  doctrines  of  several  sciences  is  requisite  to  prepare  us  to  esti- 
mate its  value  and  probable  success. 

Question  of  the  Material  Reality  of  the  Electric  Fluid, — At  first 
sight  the  beautiful  accordance  of  the  experiments  with  calculations 
founded  upon  the  attractions  and  repulsions  of  the  two  hypothetical 
fluids,  persuade  us  that  the  hypotheses  must  be  the  real  state  of  things. 
But  we  have  already  learned  that  we  must  not  trust  to  such  evidence 
too  readily.  It  is  a  curious  instance  of  the  mutual  influence  of  the 
histories  of  two  provmces  of  science,  but  I  think  it  will  be  allowed  to 
be  just,  to  say  that  the  discovery  of  the  polarization  of  heat  has  done 
much  to  shake  the  theory  of  the  electric  fluids  as  a  physical  reality. 
For  the  doctrine  of  a  material  calorie  appeared  to  be  proved  (from  the 
laws  of  conduction  and  radiation)  by  the  same  kind  of  mathematical 
evidence  (the  agreement  of  laws  respecting  the  elementary  actions  with 
those  of  fluids),  which  we  have  for  the  doctrine  of  material  electincity. 
Yet  we  now  seem  to  seii  that  heat  cannot  be  matter,  since  its  rays 
h        'd     '  m      '    wh'  h  a  stream  of  particles  of  matter  can- 

t  h  d        th    t        im  s.  ble  hypotheses.     We  see,  then,  that 

twil      tb  t^tp       dent,  if  our  electrical  theory,  repre- 

i    g    vith  1    ■?   t  y  the  laws  of  the  actions,  in  all  their 

f  pi        d  CO    j!        h  uld  yet  be  fallacious  as  a  view  of  the 

ftl        t 

Any  true  view  of  electricity  must  include,  or  at  least  be  consistent 
with,  the  other  classes  of  the  phenomena,  as  well  as  this  statical  elec- 
trical action ;  such  as  the  conditions  of  excitation  aud  rctentiou  of 
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electricity ;  t«  which  wo  may  add,  the  connexion  of  electi-icity  with 
magnetism  and  with  chemistiy ; — a  vast  field,  as  yet  dimly  seen. 
Now,  even  with  regard  to  the  simplest  of  these  questions,  tie  cause  of 
the  retention  of  electricity  at  the  siu^ace  of  bodies,  it  appears  to  be 
impossible  to  mMntain  Coulomb's  opinion,  that  this  is  effected  by  tlie 
resistance  of  air  to  the  passage  of  electricity.  The  other  questions  are 
such  as  GoiJomb  did  not  attempt  to  touch  ;  they  refer,  indeed,  princi- 
pally to  laws  not  suspected  at  his  time.  How  wide  and  profound  a 
theory  must  be  which  deals  worthily  with  these,  we  shall  obtain  some 
indications  in  the  succeeding  part  of  our  history. 

But  it  may  be  said  on  the  other  side,  that  we  have  the  evidence  of 
oar  senses  for  the  reality  of  an  electric  fluid  ; — we  see  it  in  the  spark  ; 
we  heai-  it  in  the  explosion  ;  we  feel  it  in  the  shock ;  and  it  produces 
the  effects  of  mechanical  violence,  piercing  and  tearing  the  bodies 
through  which  it  passes.  And  those  who  are  disposed  to  assert  a 
real  fluid  on  such  grounds,  may  appear  to  be  justified  in  doing  so,  by 
f  Newton's  "  Rules  of  Philosophizing,"  in  which  he  directs  the 
)her  to  assume,  in  his  theories,  "  causes  which  are  true."  The 
usual  interpretation  of  a  "  vera  causa,"  has  been,  that  it  implies  causes 
which,  independently  of  theoretical  calculations,  are  known  to  exist  by 
their  mechanical  effects  ;  as  gravity  was  familiarly  known  to  exist  on 
the  earth,  before  it  was  extended  to  the  heavens.  The  electiic  fluid 
might  seem  to  be  such  a  vera  causa. 

To  this  I  should  venture  to  reply,  that  tliis  reasoning  shows  how 
delusive  the  Newtonian  rule,  so  interpreted,  may  be.  For  a  moment's 
consideration  will  satisfy  us  that  none  of  the  eircumsfeinees,  above  ad- 
duced, can  really  prove  material  eurrents,  rather  than  vibrations,  or 
other  modes  of  agency.  The  spark  and  shock  are  quite  insufficient  to 
supply  such  a  proof.  Sound  is  vibratiora, — light  is  vibrations ;  vibra- 
tions may  afiect  our  neiTOs,  and  may  rend  a  body,  as  when  glasses  are 
broken  by  sounds.  Therefore  all  these  supposed  indications  of  the 
reality  of  the  electric  fluid  are  utteily  iallacions  In  truth,  this  mode 
of  applying  Newton's  lule  con'sists  m  ekvttmg  our  fii-st  rude  and 
unscientific  impressions  into  a  supremacy  over  the  results  of  calculiir 
tion,  generalization,  and  bjstem^tn  induction" 


"  On  thesubjeet  of  ttis  Newtonian  Enleof  Philusophizing,  see fm-thoi'  Pkil. 
InJ.  8c.  B.  Di.  0.  13.  I  have  given  an  nccomit  of  the  history  and  evidence  of 
the  Theory  of  Electricity  ia  (he  Reporis  of  the  BritUh  Association  for  18SS.  I 
may  seem  there  to  have  spokaa  more  favorably  of  the  Theory  as  a,  Physical 
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Thus  our  conclusion  with  regard  to  this  subject  i^  tUat  if  we  wisli 
to  form  &  stable  physical  theory  of  electricity,  we  nmat  take  into 
account  not  only  the  laws  of  statical  electricity,  which  we  have  been 
chiefly  considering,  but  the  laws  of  otlier  kinds  of  agenoy,  different 
from  the  electric,  yet  connected  with  it.  For  the  electricity  of  which 
we  have  hitherto  spoken,  and  which  is  commonly  excited  by  friction, 
is  identical  with  galvanic  action,  which  is  a  result  of  chemical  combi- 
nations, and  belongs  to  chemical  philosophy.  The  connexion  of  these 
different  tinds  of  electricity  with  one  another  leads  ns  into  a  new 
domain ;  but  we  must,  in  the  first  place,  consider  their  mechanical 
laws.     We  now  proceed  to  another  branch  of  the  same  subject,  Mag- 


Tlieory  than  I  have  done  here.    This  difference  is  prineipnlly  due 
deration  of  the  present  aspeet  of  tlie  Theory  of  Heat. 
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Effice,  ut  interca  fern  miinera  militia 
Per  maria  ac  terras  omneis  sopita  quiesoaiit. 
Nam  tu  sola  potes  tranquilla  pace  juyoie 
Sloitnles  ;  quoniaru  belli  fem  munera  MavoiB 
Armipotens  regit,  in  gremium  qui  siepe  tuum  3e 
Eejicit,  letenio  devictus  vulneve  amoria ; 
Atque  ita  Buspidens  tereU  cervice  roposta, 
Posclt  amora  avidos  inMans  in  te,  Dea,  vibub, 
Eijue  tuo  pendet  resnpini  spiritus  ore, 
Hnno  tu,  Diva,  tuo  reciibantem  corpore  sanoto 
Ciccumftisa  supar,  suavea  ex  ore  loquelas 
Funde,  potens  plaoidam  EomaniB,  incluta,  pacera. 


0  ohai-miiig  Goddesa,  wliose  mysteiioiia  away 
The  unseen  hosts  of  earth  and  sky  obey ; 
To  whom,  thougii  ooW  and  hard  to  all  besides, 
The  Iron  God  by  strong  affection  glides, 
Flings  himself  eager  to  thy  close  embrace, 
And  bends  his  head  to  gaze  upon  thy  face ; 
Do  thou,  what  time  thy  fondling  arma  are  thiowl 
Around  his  form,  and  he  ia  all  thy  own, 
Do  thou,  thy  Kome  to  save,  thy  power  to  prove, 
Beg  him  to  grant  a  boon  for  thy  dear  love  ; 
Beg  him  no  more  in  battle-fields  to  deal. 
Or  crush  the  nations  with  his  m^ied  heel, 
But,  touched  and  softened  by  a  worthy  flame, 
Quit  Bword  and  spear,  and  seek  a  better  fame. 
Bid  blm  to  make  all  war  and  slaughter  ceaao. 
And  ply  his  gouuine  task  in  arts  of  peace ; 
And  by  thee  guided  o'er  the  tiucldess  surge, 
Bear  wealth  and  joy  to  ocean's  farthest  verge. 
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DisoovEUY  OF  Laws  of  Magnetic  Piiesomena. 

TEE  hiatoiy  of  Magnetism  t  I  in  1     t    tl    t    f 

Electricity,  and  many  of  tl      lU      p  [  1  y  I       tb 

two  trains  of  reseai-ch.  Th  g  al  f  t  tl  t  tli  ma  t  tt  t 
hem,  was  nearly  all  that  was  kt  to  tli  a  ts,  d  f  q  tly 
mentioned  and  referred  to ;  t     m  tan  e,  by  PI    y     li  d  r^      d 

declaims  concerning  it,  in.  h     us    1  t  d    tyl        Th      nt  re 

of  the  Stationary  Period,  in  tl         l"j    I  th  rs,    mpl  y  1  th  m 

selves  in  collecting  and  adorn  h       f     t       ""ant  tal      wh   1 

the  slightest  reference  to  cxp  t         Idh        dip       das,f 

example,  that  a  magnet,  when  it  has  lost  its  virtne,  has  it  restored  by 
goat's  blood.  Gilbert,  whose  work  De  Magnete  wo  have  already 
mentioned,  speaks  mth  becoming  indignation  and  pity  of  this  booMsh 
folly,  and  repeatedly  asserts  tho  paramount  ralne  of  experimenls.  He 
himseifi  no  doubt,  acted  up  to  his  own  pi'ecepta ;  for  his  work  contains 
all  the  fundamental  fecta  of  the  science,  so  fully  examined  indeed,  that 
even  at  this  day  we  h  1  ttl  to  li  b  th  m  Tl  s  1  fl  t 
Book,  the    subjects     f  tJi     th   ci    f     -th        1  fifti    CI    pt  — 

that  the  magnet  ha    pol    — th  t  lay     U  thes    p  1     th         ■th 

and  the  south  pole — th  t        t       ma^,    t    th  1!    p  1      f       h 

attracts  the  south  pi       d     pel   th  th }   I     f  th      th         Th 

is,  indeed,  the  cardi    1ft  h  !  g        al  zati  t         1  th 

reader  will  perceive  at  once  its  resemblance  to  the  leading  phenomena 
of  statical  electricity. 

But  the  doctrines  of  magnetism,  like  those  of  heat-,  have  an  addi- 
tional claim  on  our  notice  from  the  manner  in  which  they  are  exempli- 
fied in  the  globe  of  the  earth.  The  subject  of  terrestrial  magnetism 
fonns  a  very  important  addition  to  the  general  facts  of  magnetic 
attraction  and  repidsion.  Tho  property  of  the  magnet  by  which  it 
directs  its  poles  exactly  or  nearly  north  and  sonth,  when  once  dis- 
covered, was  of  immense  importance  to  the  maainer.     It  does  not 
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appeal'  easy  to  trace  ivitli  certainty  tlie  period  of  this  discovery. 
Passing  over  certain  legends  of  the  Chinee,  aa  at  any  rate  not  bearing 
upon  tlie  progress  of  European  science,"  the  eai'lJesfc  notice  of  this  pro- 
perty appears  to  be  contained  in  the  Poem  of  Guyot  de  Provence, 
is  the  needle  as  being  magnetized,  and  then  placed  in  or 
',  (floating  on  water,  as  I  presume  :) 


that  is,  it  turns  towards  the  pole-star.  This  account  would  make  the 
knowledge  of  this  pi'operty  in  Europe  anterior  to  1200.  It  was 
afterwards  found"  that  the  needle  does  not  point  exactly  towards  the 
north,  Gilbert  was  aware  of  tliis  deviation,  which  he  calls  the  varia- 
tion, and  also,  that  it  is  different  in  different  places.*  He  maintained 
on  theoretical  principles  also,"  that  at  tlie  same  place  the  variation  is 
constant ;  probably  in  his  time  there  were  not  any  recorded  observa- 
tions by  which  the  truth  of  tliis  assertion  could  be  tested ;  it  was 
afterwards  fonnd  to  be  false.  The  alteration  of  the  variation  in  pro- 
ceeding from  one  place  to  anotiier  was,  it  will  be  recollected,  one  of 
the  circumstances  which  most  alarmed  the  companions  of  Columbus 
in  1492,  Gilbert  says,"  "Other  learned  men liave,  in  long  navigations, 
observed  tie  differences  of  magnetic  variations,  as  Thomas  Hariot, 
Robert  Hues,  Edward  Wright,  Abraham  Kendall,  all  Eugliskmen : 
others  have  invented  magnetic  instmments  and  convenient  modes  of 
observation,  such  as  are  reqiiisite  for  tiose  who  take  long  voyages,  as 
Wilham  Borough  in  his  Book  concerning  tlie  variation  of  the  compass, 
William  Barb  in  his  supplement,  William  Norman  in  his  New 
Attractive.  This  is  that  Kobert  Norman  (a  good  seaman  and  an  in- 
genious artificer,)  who  first  discovered  the  dip  of  magnetic  iron," 
This  important  discovery  was  made'  in  1576.  From  the  time  when 
the  difference  of  the  variation  of  the  compass  in  different  places 
became  known,  it  was  important  to  mariners  to  register  the  variation 
in  all  parts  of  the  world.  HaJley  was  appointed  to  the  command  of  a 
ship  in  the  Royal  Navy  by  the  Government  of  William  and  Mary, 
with  orders  "  to  seek  by  observation  the  discovery  of  the  rule  for  the 
variation  of  the  compass."     He  published  Magnetic  Charts,  which 


'  Erie.  Met  art.  Magnetism 
*  Be  Magnets,  lib.  tv.  c,  1. 
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iiave  been  since  corrected  and  improved  by  various  pcraoiis,  T)io 
most  recent  are  those  of  Mr.  Yatos  in  1817,  and  of  M,  Hansteen,  The 
dip,  as  well  as  the  variation,  wse  found  to  be  different  in  different 
places.  M.  Hnmboldt,  in  the  course  of  his  travels,  collected  many 
sucli  observations.  And  both  the  obserrations  of  vai-iation  and  of 
dip  seeaied  to  indicate  tliat  the  earth,  as  to  its  effect  on  the  magnetic 
needle,  may,  approximately  at  least,  be  considered  as  a  magnet,  t!io 
poles  of  which  are  not  fer  removed  from  the  earth's  poles  of  rotation. 
Thus  we  have  a  magnetw  equator,  in  which  the  needle  has  no  dip,  and 
which  does  not  deviate  far  from  tlie  earth's  equator;  although,  from 
the  best  observations,  it  appear  to  be  by  no  means  a  regular  circle. 
And  the  phenomena,  both  of  the  dip  and  of  the  variation,  in  high 
northern  latitudes,  appear  to  indicate  the  existence  of  a  pole  below 
the  surface  of  the  earth  to  the  north  of  Hudson's  Bay.  In  his  second 
remarkable  expedition  into  those  regions,  Captain  Koss  is  supposed  to 
have  reached  the  place  of  this  pole ;  the  dipping-needle  there  pointing 
vertically  downwaids,  and  the  variation-compass  turning  towards  this 
point  in  the  adjacent  regions.  We  shall  hereafter  have  to  consider 
the  more  complete  and  connected  views  which  have  been  taken  of 
terrestrial  magnetism. 

In  1033,  Gellibrand  discovered  that  the  variation  is  not  constant,  as 
Gilbert  imagined,  but  ttat  at  London  it  had  diminished  from  eleven 
degrees  east  in  1580,  to  four  degrees  ia  1633.  Since  that  time  the 
variation  has  become  more  and  more  westerly ;  it  is  now  about  twenty- 
five  degrees  west,  and  the  needle  is  snpposed  to  have  begun  to  travel 
eastward  again. 

The  next  important  iact  which  appeared  witli  respect  to  teiT^ti'ial 
magnetism  was,  that  the  position  of  tlie  needle  is  subject  to  a  small 
diurnal  variation :  this  wsa  discovered  in  1722,  by  Graham,  a  philoso- 
phical instrument-maker,  of  London,  The  daily  variation  was  esta- 
blished by  one  thonsand  observations  of  Graham,  and  confirmed  by 
four  thousand  more  made  by  Canton,  and  is  now  considered  to  be  out 
of  dispute.  It  appeared  also,  by  Canton's  researches,  that  the  diumal 
variation  undeigoes  an  annual  inequality,  being  nearly  a  quarter  of  a 
degree  in  June  and  July,  and  only  half  tliat  quantity  in  December  and 
Jannary. 

Having  thus  noticed  the  principal  facts  which  belong  to  terrestrial 
inagnetisni,  we  must  return  to  the  consideration  of  those  phenomena 
which  gradually  led  to  a  consistent  magnetic  theory.  Gilbert  observed 
that  both  smelted  iron  and  liammered  iron  have  the  magnetic  I'irtue, 
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though  in  a  weaker  degree  than  the  magaet  itself,'  and  he  asserted  dis- 
tinctly that  the  magnet  is  merely  an  ore  of  iron,  (lib,  i,  c.  16,  Quod 
inagnes  etvena  fern  idem  sunt.)  He  also  noted  the  increased  energy 
which  magnets  acquire  hy  being  arfiied  ;  that  is,  fitted  with  a  cap  of 
polished  iron  at  each  pole.'  But  we  do  not  find  till  a  lat«r  period  any 
notice  of  the  distinction  which  exists  between  the  magnetical  propei'- 
ties  of  soft  iron  and  of  hard  steel ; — the  latter  being  snaeeptible  of  being 
formed  into  artifiaal  magnets,  with  permanent  poles ;  while  soft  ii'on 
is  only  passively  niagnetk,  receiving  a  tempox'sry  polarity  fi'om  the 
action  of  a  mt^et  near  it,  but  losing  this  properij  when  the  magnet 
is  removed.  About  the  middle  of  the  last  centuiy,  various  methods 
were  devised  of  making  artiftcisl  magnets,  which  exceeded  in  power 
all  magnetic  bodies  previously  known. 

The  remaining  experimental  researches  had  so  close  an  historical 
connexion  with  the  theory,  tliat  they  will  be  best  coi^idered  along 
with  it,  and  to  that,  therefore,  we  now  proceed. 


CHAPTER   n. 

Fko  GUESS  or  Masbetic  Thboby. 

rpHEOEY  or  Machibtic  Aotiob, — The  assumption  of  a  fluid,  as  a 
J-  mode  of  expl^ning  the  phenomena,  was  far  less  obvious  in  magnetic 
than  in  electric  cases,  yet  it  was  soon  an-ived  at  After  the  usual  phi- 
losophy of  the  middle  ages,  the  "  foi-ms"  of  Aquinas,  the  "  efflux"  of 
Cusanus,  the  "  vapors"  of  Costa3as,  and  the  like,  which  are  recorded 
by  Gilbert,'  we  have  his  own  theory,  which  he  also  expresses  by 
ascribing  the  effects  to  a  "formal  efiicienoy  ;" — a  "fornt  of  primary 
globes  ;  the  proper  entity  and  existence  of  their  homogeueous  parts, 
which  we  may  call  a  primary  and  radical  and  astiid  form :" — of  which 
forms  there  is  one  in  the  sun,  one  in  the  moon,  one  in  the  eai'th,  the 
latter  being  the  magnetic  virtue. 

Without  attempting  to  analyse  the  precise  import  of  these  expres- 
sions, we  may  proceed  to  Descartes's  explanation  of  magnetic  pheno- 
mena.    The  mode  iu  which  he  presents  this  subject"  is,  perhaps,  the 

*Lib.  i.c9— 13.  '  Lib.  iLc,  17. 

'  Gilb.  lib.  ii.  c  3,  4.  '  S'nn.  J'fdl.  pai's  c  iv,  148. 
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most  persuasive  of  his  physical  attempts.  If  a  magnet  be  placei! 
among  iron  filings,  these  arrange  themselves  in  ciu-ved  lines,  which 
proceed  itom  one  pole  of  the  magnet  to  the  other.  It  was  not  difficult 
to  conceive  these  to  be  the  traces  of  currents  of  ethereal  matter  which 
circnlate  through  the  magnet,  and  which  are  thus  rendered  sensible 
even  to  the  eye.  When  phenomena  could  not  be  explained  by  means 
of  one  vortex,  several  were  introduced.  Three  Memoirs  on  Magnetism, 
written  on  such  principles,  had  the  prize  adjudged'  by  the  French 
Academy  of  Sciences  in  1746. 

But  the  Cartesian  philosophy  gradually  declined ;  and  it  was  not 
difficult  to  show  that  the  magnetic  curves,  as  well  as  other  phenomena, 
would,  in  fact,  result  fi-om  the  attraction  and  reptiMon  of  two  poles. 
The  analogy  of  magnetism  with  electricity  was  so  strong  and  cleai', 
that  similar  theories  were  naturally  proposed  for  the  two  sets  of  facts  ; 
the  distinction  of  bodies  into  conductors  and  electrics  in  the  one  case, 
corresponding  to  the  distinction  of  soft  and  hard  steel,  in  their  rela- 
tions to  magnetism.  jEpinns  published  a  theory  of  magnetism  and 
electricity  at  the  same  time  (1759) ;  and  the  former  theory,  liiie  the 
latter,  eiplained  the  phenomena  of  the  opposite  poles  as  results  of  the 
excess  and  defect  of  a  magnetic  "  fluid,"  which  wis  dislodged  and 
accumulated  in  the  ends  of  the  body,  by  the  repulsion  of  its  own  par- 
ticles, and  by  the  atti'action  of  iron  or  steel,  as  in  the  case  of  induced 
electricity.  The  jEpinian  theory  of  magnetism,  as  of  electricity,  was 
recast  by  Coulomb,  and  presented  in  a  new  shape,  with  two  fluids  in- 
stead of  one.  But  before  this  theory  was  reduced  to  calculation,  it 
was  obviously  desirable,  in  the  first  place,  to  determine  the  law  of 
force. 

In  magnetic,  as  in  electric  action,  the  determination  of  the  law  of 
attraction  of  the  particles  was  attended  at  first  with  some  difficulty, 
because  the  action  which  a  finite  magnet  exerts  is  a  compound  result 
of  the  attractJons  and  repulsions  of  many  points.  Newton  had  ima- 
gined the  attractive  force  of  magnetism  to  he  invereely  as  the  cube  of 
the  distance;  but  Mayer  in  1760,  and  Lambert  a  few  years  later, 
asserted  the  law  to  be,  in  this  as  in  other  forces,  the  inverse  square. 
Coulomb  has  the  merit  of  having  first  clearly  confirmed  this  law,  by 
the  use  of  his  torsion-balance.'  He  established,  at  the  same  time,  other 
very  important  iacts,  for  instance,  "that  the  directive  magnetic  force, 
which  the  earth  exerts  upon  a  needle,  is  a  constant  quantity,  parallel 


'  Coulomb,  IfSfl,  p.  483.  '  Mem.  A.  P.  1784,  2d  Mum.  p.  6D3. 

Hosted  by  Google 


222  HISTORY  OF  MAGNETISM. 

to  tlie  magnetic  mendiac,  and  passing  through  tlie  same  point  of  the 
needle  whatever  be  its  position."  This  was  the  more  important-, 
because  it  was  necessary,  ia  tlie  first  place,  to  allow  for  the  effect  of  the 
terrestrial  force,  before  the  mntual  action  of  the  magnets  could  be 
extricated  from  the  phenomena.'  Coulomb  then  proceeded  to  correct 
tte  theory  of  magnetism. 

Coulomb's  reform  of  the  jEpinian  theory,  in  the  case  of  magnetism, 
n  that  of  electricity,  substituted  two  fluids  {an  austral  and  a  ioreal 


fluid,)  for  tlie  single  flui 
which  jEpinns  found  hi 
steel  and  other  magneti 


;  and  in  this  way  removed  the  necessity  under 
Limself,  of  supposing  all  the  particles  of  iron  and 
0  bodies  to  have  a  peculiar  repulsion  for  each 
other,  exactly  equal  to  their  attraction  for  the  magnetic  fluid.  But  in 
the  case  of  magnetism,  another  mgdification  was  necessary.  It  wss 
impossible  to  suppose  here,  as  in  the  electrical  phenomena,  that  one  of 
the  fluids  was  accumulated  on  one  extremity  of  a  body,  and  the  other 
fluid  on  the  other  extremity ;  for  though  this  might  appear,  at  first 
sight,  to  be  the  case  in  a  ma^etic  needle,  it  was  found  that  when  the 
needle  was  cut  into  two  halves,  the  half  in  which  the  anstral  fluid  had 
seemed  to  predomiuate,  acquired  immediately  a  boreal  pole  opposite  to 
its  austi'al  pole,  and  a  similar  effect  followed  in  the  other  half.  The 
same  is  true,  into  however  many  parts  the  magnetic  body  be  cut.  The 
way  in  which  Coulomb  modified  the  theory  so  as  to  reconcile  it  with 
such  facts,  is  simple  and  satisfactory.  He  supposes'  the  magnetic  body 
to  be  made  up  of  "  molecules  or  integral  pai-ts,"  or,  as  they  were  after- 
wards called  by  M.  Poisson,  "  magnetic  elements."  In  each  of  these 
elements,  (which  are  extremely  minute,)  the  fluids  can  be  separated,  so 
that  each  element  has  an  austral  and  a  boreal  pole ;  but  the  austral 
pole  of  an  element  which  is  adjacent  to  the  boreal  pole  of  the  next, 
neutralizes,  or  nearly  neutralizes,  its  effect ;  so  that  the  sensible  mag- 
netism appears  only  towards  the  extremities  of  the  body,  as  it  would  do 
if  the  fluids  could  permeate  the  body  freely.  We  shall  have  exactly 
the  same  result,  as  to  sensible  magnetic  force,  on  the  one  supposition 
and  on  the  other,  as  Coulomb  showed.' 

The  theory,  thus  freed  from  manifestincongruitieB,wM  to  be  reduced 
to  calculation,  and  compared  with  experiment ;  this  was  done  in  Cou- 
lomb'sSeventh  Memoir.'  The  difficulties  of  calculation  in  this,  as  iu  the 
electric  problem,  could  not  be  entirely  surmounted  by  the  analysis  of 
Coulomb  ;  but  by  various  artifices,  he  obtained  theoretically  the  rela- 

"  p,  603.     °  Msm.  A.  F.  IfUS,  p.  488.     '  Mem.  A.  P.  p.  492.     *  A.  P.  17S9. 


d  by  Google 


PROGEESS  OP  MAGSETIO  THEORY.  223 

tive  amount  of  magnetism  at  several  points  of  a  needle,"  and  tlie 
proposition  that  the  directive  force  of  tlie  eartli  on  similat  needles  satu- 
rated with  magnetism,  was  as  the  cube  of  theiv  dimensions ;  eonclusions 
which  agreed  with  experiment. 

The  agreement  thus  obtained  was  snfHcient  to  give  a  great  probabi- 
!ity  to  the  theory ;  but  an  improvement  of  the  metbods  of  ealculation 
and  a  repetition  of  experiments,  was,  in  this  as  in  other  cases,  desirable, 
as  a  confirmation  of  the  labore  of  the  original  theorist  These  requi- 
sites, in  the  course  of  time,  were  supplied.  The  researches  of  Laplace 
and  Legendre  on  the  figure  of  the  eartli  had  (as  we  have  already 
stated,)  introduced  some  very  peculiar  analytical  artifices,  applicable  to 
the  attractions  of  spheroids ;  and  these  methods  were  employed  by  M. 
Biot  in  1811,  to  show  that  on  an  elliptical  spheroid,  the  thictness  of 
the  fluid  in  the  direction  of  the  radius  would  be  as  the  distance  from 
the  centre."  But  the  subject  was  taken  up  in  a  more  complete  man- 
ner in  1824  by  M.  Poisson,  who  obtained  genei'al  expressions  for  the 
attractions  or  repulsions  of  a  body  of  any  form  whatever,  magnetized 
by  influence,  upon  a  given  point ;  and  in  the  case  of  spherical  bodies 
was  able  completely  to  solve  the  equations  which  determine  these 
forces." 

Previously  to  tliese  theoretical  investigations,  Mr.  Barlow  had  made 
a  aeries  of  experiments  on  the  eff'ect  of  an  iron  sphere  upon  a  compass 
needle ;  and  had  obtained  empirical  formulie  for  the  amount  of  the 
deviation  of  the  needle,  according  to  its  dependence  upon  the  position 
and  magnitude  of  the  sphere.  He  afterwards  deduced  the  same  for- 
mula from  a  theory  which  was,  in  fact,  identical  willi  that  of  Coulomb, 
but  which  he  considered  as  diS'erent,  in  that  it  supposed  the  magnetic 
fluids  to  be  entirely  collected  at  the  surface  of  the  sphere.  He  had 
indeed  found,  by  experiment,  that  the  surface  was  the  only  part  in 
which  there  was  any  sensible  magnetism ;  and  that  a  thin  shell  of  iron 
would  produce  the  same  effect  as  a  solid  bafl  of  the  same  diameter. 

But  this  was,  in  iacf,  a  most  complete  verification  of  Coulomb's 
theory.  For  thoogh  that  theory  did  not  suppose  the  magnetism  to  be 
collected  solely  at  the  surface,  as  Mr.  Barlow  found  it,  it  followed  from 
the  theory,  that  the  misible  magnetic  intensity  assumed  the  same  dis- 
tribution (namely,  a  surface  distribution,)  as  if  the  fluids  could  per- 
meate the  whole  body,instead  of  the  "magnetic  elements" only.  Cou- 
lomb, indeed,  had  not  expressly  noticed  the  result,  that  the  s 


°  p.  485.     "  MIL  lies  Sc.  Ko,  li.      "  A.  P.  for  1821  ftiid  3.  pviTiHaiieJ  1828. 
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magnetism  would  be  confined  to  tke  surface  of  bodies ;  but  1 
found  that,  in  a  long  needle,  the  magnetic  fluid  might  be  s 
to  be  concentrated  very  near  the  extremities,  just  as  it  is  in  a  long 
electric  body.  The  theoretical  confirmation  of  this  rule  among  tlie 
other  consequences  of  the  theory, — that  \he  sensible  magnetism  would 
be  collected  at  tlie  surface, — waa  one  of  the  results  of  Poisson's  analysis. 
For  it  appeared  that  if  the  sum  of  the  electric  elements  of  the  body 
was  equal  to  the  wliole  body,  there  would  bo  no  difi'erence  between  the 
action  of  a  solid  sphere  and  very  tliin  shell, 

"We  may,  then,  consider  the  Coniombian  theory  to  be  fully  esta- 
blished and  verified,  as  a  representation  of  the  laws  of  magnetical  phe- 
nomena We  ma^  ad  1  as  a  remarkable  and  valuable  example  of  an 
nlttnoi  step  m  the  course  of  sciences,  the  application  of  tlie  laws  of 
the  Jistnbution  ot  mignetism  to  the  purposes  of  navigation.  It  had 
been  founJ  that  the  miss  of  ii-on  which  exists  in  a  ship  produces  a 
deviation  ii  the  direction  of  the  compass-needle,  whicli  was  termed 
'  local  attraction,  and  whicIi  rendered  the  compass  an  erroneous  guide. 
Mr.  Bariow  proposed  to  correct  this  by  a  plate  of  iron  placed  near  the 
compass ;  the  plate  being  of  comparatively  small  mass,  but,  in  conse- 
quence of  its  expanded  form,  and  its  proximity  to  the  needle,  of  equiva- 
lent efi'eet  to  the  disturbing  cause, 

[2nd  Ed,]  [This  proposed  arrangemefit  was  not  successful,  because 
as  the  ship  turns  into  different  positions,  it  may  be  considered  as 
rCYotving  round  a  vertical  axis ;  and  as  this  does  not  coincide  with  the 
magnetic  axis,  the  relative  magnetic  position  of  the  disturbing  parts 
of  the  ship,  and  of  the  correcting  plate,  will  be  altered,  so  that  they 
will  not  continue  to  counteract  each  other.  In  high  magnetic  latitudes 
the  correcting  plate  was  used  with  success. 

Bnt  when  iron  ships  became  common,  a  correction  of  the  effect  of 
the  iron  upon  tlie  ship's  compass  in  the  general  case  became  necessary, 
Mr.  Airy  devised  the  means  of  making  this  correction.  By  placing  a 
magnet  and  a  mass  of  iron  in  certain  positions  relative  to  the  compass, 
the  effect  of  the  rest  of  the  iron  in  the  ship  is  completely  counteracted 
in  all  positJons,'"] 

But  we  have  srill  to  trace  the  progress  of  the  theory  of  terrestrial 
magnetism. 

Theory  of  Terrestrial  Magnetism. — Gilbert  had  begun  a  plausible 
course  of  speculation  on  this  point.     "  We  must  reject,"  he  says,"  "  in 
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tlie  first  place,  that  vulgar  opinion  of  recent  writers  concerning  mag- 
netic mountains,  or  a  certain  magnetic  rock,  or  an  imaginary  pole  at  a 
certain  distance  from  the  pole  of  the  earth."  For,  he  adds,  "  we  leam 
by  experience,  that  there  is  no  snch  fixed  pole  or  term  in  the  earth  for 
the  Tariation."  Gilbert  describes  the  whole  earth  as  a  magnetic  globe, 
and  attributes  the  variation  to  the  irregular  form  of  its  protuberances, 
the  solid  parts  only  being  magnetic.  It  was  not  emy  to  confirm  or 
refute  this  opinion,  but  other  hypotheses  were  tried  by  various  writers ; 
for  instance,  Halley  had  imagined,  fi-om  the  forms  of  tie  lines  of 
equal  variation,  that  there  must  be  fonr  magnetic  poles ;  but  Euler" 
showed  that  the  "  Halleian  lines"  would,  for  the  most  part,  result 
fi'om  the  supposition  of  two  magnetic  poles,  and  assigned  their  posi- 
tion so  as  to  represent  pretty  wel!  the  known  state  of  the  variation 
all  over  the  world  in  llii.  But  the  variation  was  not  the  only  phe- 
nomenon which  required  to  be  taken  into  account ;  the  dip  at  difier- 
ent  places,  and  also  tbe  intensity  of  the  force,  were  to  be  considered. 
We  have  already  mentioned  M.  do  Humboldt's  collection  of  observa- 
tions of  the  dip.  These  were  examined  by  M.  Biot,  with  the  view 
of  reducing  them  to  the  action  of  two  poles  in  the  supposed  terres- 
trial magnetic  axis.  Having,  at  firat,  made  the  distance  of  these 
poles  from  the  centre  of  the  earth  indefinite,  he  found  that  his  for- 
mnliB  agreed  more  and  more  nearly  with  the  observations,  as  the 
poles  were  brought  nearer ;  and  that  fact  and  theory  coincided  tolera- 
bly well  when  both  poles  were  at  the  centre.  In  1809,"  Krafft  sim- 
plified this  result,  by  showing  that,  on  this  supposition,  the  tangent 
of  the  dip  was  twice  the  tangent  of  the  latitude  of  the  place  as  mea- 
sured from  the  magnetic  equator.  But  M.  Hansteen,  who  has  devoted 
to  the  subject  of  terrestrial  magnetism  a  great  amount  of  labor  and 
skill,  has  shown  that,  taking  t^^ether  all  the  observations  which  we 
possess,  we  are  compelled  to  suppose  four  magnetic  poles ;  two  near 
the  north  pole,  and  two  near  the  south  pole,  of  the  terrestrial  globe  ; 
and  that  these  poles,  no  two  of  which  are  exactly  opposite  each  other, 
are  all  in  motion,  with  difi'erent  velocities,  some  moving  to  the  east 
and  some  to  the  west  This  curious  collection  of  fects  awaits  the 
hand  of  future  theorists,  when  the  ripeness  of  time  shall  invite  them 
to  the  task. 

[2nd  Ed.]     p  had  thus  written  in  the  first  edition.    The  theorist 
who  was  needed  to  reduce  this  accumulation  of  facts  to  their  lavre. 


"■  Enc.  Met.  p.  142. 
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had  already  laid  liis  poiVcrful  hand  upon  them ;  namely,  JI.  Gauss,  a 
mathematician  not  inferior  to  any  of  the  great  men  who  completed  && 
theory  of  gravitation.  And  institutions  had  been  establislied  for 
extending  the  collection  of  the  facts  pertaining  to  it,  on  a  scale  which 
elevates  Magnetism  into  a  companionship  with  Astronomy.  M.  Han- 
steen's  MoffTietisrmta  der  JUrde  was  published  ia  1816.  His  conclu- 
sions respecting  the  position  of  tte  fonr  magnetic  "  poles"  excited  so 
much  interest  in  his  own  country,  that  the  Norwegian  Storthmg,  or 
padiament,  by  a  imanimons  vote,  provided  funds  for  a  magnetic  expe- 
dition which  he  was  to  conduct  along  the  north  of  Europe  and  Asia ; 
and  this  they  did  at  the  very  time  when  tliey  refused  to  make  a  grant 
to  the  king  for  building  a  palace  at  Christiania.  The  expedition  was 
made  in  1828-30,  and  verified  Hansteen's  anticipations  as  to  the 
existence  of  a  region  of  magnetic  convei^ence  in  Siberia,  which  he 
conHdeved  as  indicating  a  "pole"  to  the  north  of  tliat  country.  M. 
Erman  also  travelled  round  the  earth  at  the  same  time,  making  mag- 
netic observations. 

About  the  same  time  another  magnetical  phenomenon  attracted  atten- 
tion. Besides  the  general  motion  of  the  m^netic  poles,  and  the  diurnal 
movements  of  the  needle,  it  was  found  that  small  and  irregular  dis- 
turbances take  place  in  its  position,  which  M.  de  Humboldt  tenned  mag- 
netic storms.  And  that  which  excited  a  strong  interest  on  this  subject 
w^  the  discovery  that  these  mt^netic  storms,  seen  only  by  philosophers 
who  watfih  the  needle  with  microscopic  exactness,  rage  simultaneously 
over  large  tracts  of  the  surface  of  our  globe.  This  was  detected  about 
1825  by  a  comparison  of  the  observations  of  M.  Ai'ago  at  Paris  with 
simultaneous  ohsei-vations  of  M.  Kupfi'er  at  Kasan  in  Euasia,  distant 
more  than  41  degrees  of  longitude. 

At  the  instance  of  M.  de  Hnmboldt,  the  Imperial  Academy  of  Kussia 
adopted  with  zeal  the  prosecution  of  this  inijuiry,  and  formed  a  chain 
of  magnetic  stations  acro^  the  whole  of  the  Russian  empire.  Mag- 
netic observations  were  established  at  Petersburg  and  at  Easan,  and 
corresponding  observations  were  made  at  Moscow,  at  Nicolaieif  in  the 
Crimea,  and  Bamaoul  and  Nertchinsk  in  Siberia,  at  Sitka  in  Russian 
America,  and  even  at  Pekin.  To  these  magnetic  stations  the  Russian 
government  afterwards  added,  Catharinebnrg  in  Russia  Proper,  Hel- 
singfors  in  Finland,  Teflis  in  Georgia.  A  comparison  of  the  results 
obtained  at  four  of  these  stations  made  by  MM.  de  Humboldt  and 
Dove,  in  the  year  1630,  showed  that  the  magnetic  disturbances  were 
simultaneous,  and  were  for  the  most  parallel  in  their  progress. 
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Important  steps  in  the  prosecution  of  tliis  subject  were  soon  after 
made  by  M.  Gauss,  the  great  mathematician  of  Gdttingen.  He  con- 
trived iiistrumeii1«  and  modes  of  oteervation  fer  more  perfect  than  any 
before  employed,  and  oi^anized  a  system  of  comparative  observations 
throughout  Europe,  In  1835,  stations  for  this  purpose  were  establish- 
ed at  Altona,  Augaboi^,  Berlin,  Breda,  Breslau,  Copenhagen,  Dublin, 
Fi'eiberg,  Gijttingen,  Greenwich,  Hanover,  Leipsie,  Marburg,  Milan, 
Munich,  Petersburg,  Stockholm,  and  TTpsala,  At  these  places,  six 
times  in  the  yeai",  observations  were  tafcen  aimultaneonaly,  at  iutervals 
of  five  minutes  for  24  hours,  ITio  Bemlts  of  ike  Mapnelic  Associa- 
tion (Resultaten  des  Magnetischen  Vereins)  were  published  by  MM, 
Gauss  and  Weber,  beginning  in  1836. 

Britiab  physicists  did  not  at  firsttakeacy  leading  part  in  these  plans. 
But  in  1836,  Baron  HumboHt,  who  by  his  long  labors  and  important 
discoveries  in  this  subject  might  be  considered  as  peculiarly  entitled  to 
urge  ita  claims,  addressed  a  letter  to  the  Duke  of  Sussex,  then  Presi- 
dent of  the  Eoyal  Society,  asking  for  the  co-operation  of  this  country 
in  so  lai^e  and  hopeful  a  scheme  for  the  promotion  of  science.  The 
Royal  Society  willingly  entertained  this  appeal ;  and  the  progress  of 
the  cause  was  still  farther  promoted  when  it  was  zealously  taken  up 
by  the  British  Association  for  the  Advancement  of  Science,  assem- 
bled at  Newcastle  in  1838.  The  Association  there  expressed  ita  strong 
interest  in  the  Gorman  system  of  magnetic  observations  ;  and  at  the 
instigation  of  this  body,  and  of  the  Koyal  Society,  four  complete  mag- 
netical  observatories  were  established  by  the  Biitisb  government,  at 
Toronto,  St  Helena,  the  Cape  of  Good  Hope,  and  Van  Diemen's 
Land,  The  munificence  of  the  Directors  of  the  East  India  Company 
founded  and  fiirnisbed  an  equal  number  at  Simla  (in  the  Himalayah), 
Madras,  Bombay,  and  Sincapore.  Sir  Thomas  Biisbane  added  anotber 
at  bis  own  expense  at  Kelso,  in  Scotland.  Besides  this,  the  govern- 
ment sent  out  a  naval  expedition  to  make  discoveries  (magnetic  among 
others),  in  the  Antarctic  regions,  under  the  command  of  Sir  James 
Eoss.  Other  states  lent  tbeir  assistance  also,  and  founded  or  reorga- 
nized their  magnetic  observatories.  Besides  those  already  mentioned, 
one  was  established  by  the  French  government  at  Algiers ;  one  by 
the  Belgian,  at  Brussels ;  two  by  Austria,  at  Prague  and  Milan ;  one  by 
Prussia,  at  Breslau;  one  by  Bavaria,  at  Munich;  one  by  Spain,  at 
Cadiz  ;  there  are  two  in  the  United  States,  at  Philadelphia  and  Cam- 
bridge; one  at  Cairo,  founded  by  the  Pasha  of  Egypt;  and  in  India,  one 
at  Trevandrum,  established  by  the  Kajah  of  Travancore ;  and  one  by 
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the  King  of  Oucle,  at  Lufk.iiow  At  all  tliLse  dittant  statu  ns  the 
Bame  plan  was  followed  out,  b>  obserrations  stiiLtlj  simultaneous, 
made  according  to  the  same  methods,  Tvith  the  same  instrumental 
means.  Such  a  scheme,  combming  worldwide  extent  with  thp  single- 
ness of  action  of  an  individual  mmd,  is  hitbeito  without  parallel. 

At  first,  the  British  stations  were  establislied  for  three  years  only ; 
but  it  was  thought  advisable  to  extend  this  period  three  years  longer, 
to  end  in  1845.  And  when  the  termination  of  tliat  period  anlved,  a 
discussion  was  held  among  the  magneticiana  themselves,  whether  it 
was  better  to  continue  the  observations  still,  or  to  examine  and  com- 
pare the  vast  mass  of  observations  already  collected,  so  as  to  see  to 
what  results  and  improvemente  of  methods  they  pointed.  This  ques- 
tion was  argued  at  the  meeting  of  the  British  Association  at  Cam- 
bridge in  that  year ;  and  the  conference  ended  in  the  niagneticians 
requesting  to  have  the  observations  continued,  at  some  of  tie  obser\-a- 
tories  for  an  indefinite  period,  at  others,  till  the  year  1848.  In  the 
mean  time  the  Antarctic  expedition  had  brought  back  a  rich  store  of 
observations,  fitted  to  disclose  the  magnetic  condition  of  those  regions 
which  it  had  explored.  These  were  discussed,  and  their  results  exhi- 
bited, in  the  Philosophical  Transactions  for  1843,  by  Col.  Sabine, 
who  had  himself,  at  various  periods,  made  magnetic  observations  in 
the  Arctic  regions,  and  in  several  remote  parts  of  the  globe,  and  had 
always  been  a  zealous  laborer  in  this  fruitful  field.  The  general  mass 
of  the  obsenitious  was  placed  nnder  the  management  of  Professor 
Lloyd,  of  Dublin,  who  has  eniiched  the  "icience  of  magnetism  with 
several  valuable  lU'itruments  and  method=,  and  who,  along  ^yith  Col. 
Sabine,  made  a  magnetic  survey  of  the  British  Isles  m  1835  and 
1836. 

I  do  not  dwell  upon  magnetic  suriejs  ct  lanous  countiies  made  by 
many  excellent  observers ;  as  MM.  Quetelet,  Forbes,  Fox,  Bacho  and 
others. 

The  facts  observed  at  each  station  were,  the  intensity  of  the  mag- 
netic force ;  the  declination  of  the  needle  from  the  meridian,  some- 
times called  the  variation;  and  its  inclination  to  the  horizon,  the 
dip  ; — or  at  least,  some  elements  equivalent  to  these.  The  values  of 
these  elements  at  any  ^ven  time,  if  tnown,  can  be  expressed  by 
charts  of  the  earth's  surface,  on  which  are  drawn  the  isodynamic,  iso- 
gonal,  and  isoclinal  curves.  The  second  of  these  kinds  of  charts  con- 
fain  the  "  Halleian  lines "  spoken  of  in  a  previous  page.  Moreover 
the  magnetic  elements  at  each  place  are  to  be  observed  in  such  a 
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manner  as  to  determine  byth  tJieir  ^lejv'm^ifu?  variations  (the  changes 
which  occur  in  the  period  of  a  day,  ami  of  a  year),  the  secular 
changes,  as  the  gradual  increase  or  diminution  of  the  declination  at 
the  same  place  for  many  years ;  and  the  irregalar  fluctuations  which, 
aa  we  have  said,  are  simultaneous  over  a  large  part,  or  the  whole,  of 
the  earth's  surfece. 

When  these  Fai'ts  have  been  ascertameJ  over  the  whole  extent  of 
the  earth's  surface,  we  sliall  still  have  to  inquire  what  is  the  Cause  of 
the  changes  in  the  forces  which  these  phenomena  disclose.  But  as  a 
basis  for  all  speculation  on  that  subject,  we  must  know  the  law  of  the 
phenomena,  and  of  the  forces  which  immediately  produce  them.  I 
have  already  said  that  Euler  tried  to  account  for  the  Halleian  lines 
by  means  of  two  magnetic  "  poles,"  but  that  M.  Hansteen  conceived  it 
necessary  to  assume /owr.  But  an  entirely  new  light  has  been  thrown 
upon  this  subject  by  the  beautiful  investigations  of  Gauss,  in  his 
Theory  of  TeiTestrial  Magnetism,  published  in  183a.  He  remarkB 
that  the  term  "  poles,"  as  used  by  his  pj'edecessoiis,  involves  an  as- 
sumption arbitrary,  and,  as  it  is  now  found,  false ;  namely,  that  cer- 
tain definite  points,  two,  four,  or  more,  acting  according  to  the  laws 
of  ordinary  magnetical  poles,  will  explain  the  phenomena.  He  starts 
from  a  more  comprehensive  assumption,  that  magnetism  is  distributed 
throughout  the  mass  of  the  earth  in  an  unknown  manner.  On  this 
assumption  he  obtains  a  function  V,  by  the  difi'erentials  of  which  the 
elements  of  the  magnetic  force  at  any  point  will  be  expressed.  This 
function  V  is  well  known  in  physical  astronomy,  and  is  obtained 
by  summing  all  the  elements  of  magnetic  force  in  each  particle,  each 
multiplied  by  the  reciprocal  of  its  distance ;  or  as  we  may  express 
it,  by  tating  the  sum  of  eaeh  element  and  its  proximity  jointly. 
Hence  it  has  been  proposed"  to  term  this  function  the  "integral 
proximity"  of  the  attracting  mass."     By  using  the  most  refined  ma- 


'•  Quart  Rev.  'So.  ISl,  p.  283. 

"  The  funotJoa  Y  is  of  constant  oeeurrence  io  inveetigatioDB  respecting 
attroctiouE.  It  is  introdTiced  by  ILaplace  in  his  investigations  respecting  the 
atti'Qetions  of  spheroids,  .3fic.  Cel.  Livr.  lu.  Art  4.  Mr.  Green  ftnd  Professor 
Mac  Cullagh  have  proposed  to  term  this  function  the  Fotential  of  the  system ; 
but  this  term  (though  saggested,  I  suppose,  by  nnslogy  with  the  substantive 
SxponetOial),  does  not  appear  convenient  in  its  foim.  On  the  other  hand,  the 
term  Integrtd  Proximity  does  not  indicate  that  which  gives  the  function  its 
peculiar  claim  io  disfinction  ;  namely,  that  its  differentials  eipi'ess  the  power 
OP  attraction  of  the  system.  Perhaps  Integral  Potentiality,  or  Integral  Attrat- 
tivity,  would  bo  a  term,  combining  the  recommendations  of  both  the  others. 
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thematical  artifices  for  deducing  the  values  of  V  and  its  differentials 
in  coaverging  sei'iea,  lie  is  able  to  derive  the  coefficients  of  these  series 
from  the  observed  magnetic  elements  at  certain  places,  and  hence,  to 
calculate  them  for  all  places.  The  comparison  of  the  calculation  with 
the  observed  results  is,  of  course,  the  teat  of  the  truth  of  the  theory. 

The  degree  of  convergence  of  the  series  depends  upon  the  miknoivn 
distribution  of  magnetism  within  the  earth.  "If  we  could  venture  to 
assume,"  says  M.  Gauss,  "  that  the  members  have  a  sensible  iDfluencc 
only  as  far  aa  the  fom'th  order,  complete  observations  from  eight  points 
would  be  sufficient,  theoretically  considered,  for  the  determination  of 
the  coefficients."  And  under  cei'tain  limitations,  making  this  assump- 
tion, as  the  best  we  can  do  at  present,  M.  Gau=s  olta'n  f  n  'ght 
piaces,  24  coefficients  (each  supplying  three  lmnt)alhn  al 
culatea  the  magnetic  elements  (intensity,  va  at  and  1  p)  at  91 
places  in  all  parts  of  the  earth.  He  finds  h  al  ulat  app  a  1 
the  observed  values  with  a  degree  of  exactu  es  wh  h  app  a  t  b 
quite  convincing  as  to  the  general  truth  of  his  It  p  allj 
taking  into  account  how  entirely  unlimited  is  his  o  ginal  1  }p  th 

It  is  one  of  the  most  curious  r^ults  of  this  n  t^at  n  that 
according  fo  the  most  simple  meaning  which  an  g    e  to  th    te 
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where  comes  to  a  point;  and  the  1  ke  s  tl  e  case  in  the  Antarctic 
region.  When  the  24  Gaussian  eleme  ts  it  a  y  t  me  are  known  the 
magnetic  condition  of  the  globe  is  kno  v  ju  t  aa  tl  e  mechanical  con- 
dition of  the  solar  system  is  known,  when  wo  know  the  elements  of 
the  orbits  of  the  satellites  and  planets  and  the  mass  of  each.  And 
the  comparison  of  this  magnetic  condition  of  the  globe  at  distant 
periods  of  time  cannot  fail  to  supply  materials  for  future  researches 
and  specnlations  with  regard  to  the  agencies  by  which  the  condition 
of  the  earth  is  deteimined.  The  condition  of  which  we  here  apeak 
must  necessarily  be  its  mecAanico-cAemJca?  condition,  being  expressed,  as 
it  will  be,  in  terms  of  the  mechanico-chemical  sciences.     The  investi 
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gations  I  have  been  describing  belong  to  the  mechanical  side  of  the  sub- 
ject :  but  when  philosophers  have  to  consider  the  causes  of  the  secular 
changes  which  are  found  to  occor  in  this  mechanical  condition,  they 
cannot  iail  to  be  driven  to  electrical,  that  is,  chemical  agencies  and  laws. 

I  can  only  allude  to  Gauss's  investigations  respecting  the  Absolute 
Measure  of  tte  Earth's  Magnetic  Force.  To  determine  the  ratio  of 
the  m^netic  force  of  the  earth  to  that  of  a  known  magnet,  Poiseon 
proposed  to  observe  the  time  of  vibration  of  a  second  magnet  The 
method  of  Gaass,  now  universally  adopted,  consists  in  observing  the 
position  of  ec[uilibrium  of  the  second  magnet  when  deflected  by  the  first. 

The  manner  in  which  the  business  of  magnetic  obsei-vation  has  been 
taken  up  b}  th  t      f  t        makes  this  by  far  the 

greatest  ac  t  fl  d  rt  ki  wh  h  th  w  Id  has  ever  seen.  The 
result  will  b    th  t  h  11    ht    n  t      years  a  knowledge  of  the 

magnetic  1 1  ti        f  th     ea  th  wl     1      therwise  it  might  have 

reijuired  c    t  t  m  1  t        Th  ular  magnetic  changes 

must  still      q  1       t       to      d       to  their  laws  of  phenomena, 

except  observation  be  anticipated  or  assisted  by  some  happy  discovery 
as  to  the  cause  of  these  changes.  But  besides  the  special  gain  to 
magnetic  science  by  this  great  plan  of  joint  action  among  the  nations 
of  the  earth,  there  is  thereby  a  beginning  made  in  the  recognition 
and  execution  of  the  duty  of  forwarding  science  in  general  by  national 
exertions.  For  at  most  of  the  magnetic  observatories,  meteorological 
observations  are  also  carried  on ;  and  such  observations,  being  iar 
more  extensive,  systematic,  and  permanent  than  those  which  have 
usnally  been  made,  can  hardly  fail  to  produce  important  additions  to 
science.  Ent  at  any  rate  they  do  for  science  that  which  nations  can 
do,  and  individuals  cannot ;  and  they  seek  for  scientific  truths  in  a 
manner  suitable  to  the  respect  now  professed  for  science  and  to  the 
progress  which  its  methods  have  made.  Nor  are  we  to  overlook  the 
effect  of  such  observations  as  means  of  training  men  in  the  pnrsuit  of 
science.  "  There  is  amongst  us,"  says  one  of  the  magnetic  observers, 
"  a  growing  recognition  of  the  importance,  both  for  science  and  for 
practical  life,  of  forming  exact  observers  of  nature.  Hitherto  astro- 
nomy alone  has  afforded  a  very  partial  opportunity  for  the  formation 
of  fine  observers,  of  which  few  could  avail  fhcmaclves.  Experience 
has  shown  that  magnetic  observations  may  serve  as  excellent  training 
schools  in  this  respect."  '*] 

■'  ZeiUr  of  W.  ft'eber,  l)Hl.  Assoi:.  Eep.  1846,  p.  IT. 
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Tho  Yarioua  other  ciroomstances  which  terrestrial  magnetism  ex- 
hibits,— the  diurnal  and  ajmual  changes  of  the  position  of  the  compass- 
needle  ; — the  larger  secular  change  which  affects  it  in  the  course  of 
years ; — the  difference  of  intensity  at  different  places,  and  other  iacts, 
have  Baturally  occupied  philosophers  with  the  attempt  to  determine, 
both  the  laws  of  the  phenomena  and  their  causes.  Ent  these  attempts 
necessarily  depend,  not  upon  laws  of  statical  magnetism,  such  as  they 
have  been  explained  above  ;  but  upon  tke  laws  by  which  the  produc- 
tion and  intensity  of  magnetism  in  different  cases  are  regulated; — 
laws  which  belong  to  a  different  province,  and  are  related  to  a  different 
set  of  principles.  Thus,  for  example,  we  have  not  attempted  to 
explain  the  discovery  of  the  laws  by  which  heat  influences  mag- 
netism ;  and  therefore  we  cannot  now  give  an  account  of  those 
theorite  of  the  facta  relating  tc  terrestrial  magnetism,  which  depend 
upon  the  influence  of  temperature.  The  conditions  of  excitation  of 
magnetism  are  best  studied  by  comparing  this  force  with  other  cases 
whore  tho  same  effects  are  produced  by  very  different  apparent  agen- 
cies ;  such  as  galvanic  and  thermo-electricity.  To  the  history  of  these 
we  shall  presently  proceed. 

Ctmclusion. — The  hypothesis  of  magnetic  fluids,  as  physical  reah- 
ijes,  was  never  widely  or  strongly  embraced,  as  that  of  electric  fluids 
was.  For  though  the  hypothesis  accounted,  Xo  a  remarkable  degree 
of  exactness,  for  large  classes  of  the  phenomena,  the  presence  of  a 
material  fluid  was  not  indicated  by  facts  of  a  different  kind,  such  as 
the  spark,  the  discharge  fi'om  points,  the  shock,  and  ite  mechanical 
effects.  Thus  the  behef  of  a  peculiar  magnetic  fluid  or  fluids  wss  not 
forced  upon  men's  minds ;  and  the  doctrine  above  stated  was  probably 
entertained  by  most  of  its  adherents,  chiefly  as  a  means  of  expressing 
the  laws  of  phenomena  in  their  elementary  form. 

One  other  observation  occurs  here.  We  have  seen  that  the  suppo- 
sition of  a  fluid  moveable  from  one  part  of  bodies  to  another,  and 
capable  of  accumulation  in  different  parts  of  the  surface,  appeared  at 
first  to  be  as  distinctly  authorized  by  magnetic  as  by  electric  phenome- 
na; and  yet  that  it  afterwards  appeared,  by  calculation,  that  this  must 
be  considered  as  a  derivative  result ;  no  real  transfer  of  fluid  taking 
place  except  within  the  limits  of  the  insensible  particles  of  the  body. 
Without  attempting  to  found  a  formula  of  philosophizing  on  tJiis  cir- 
cumstance, we  may  observe,  that  this  occurrence,  like  the  disproof  of 
heat  as  a  material  fluid,  shows  the  possibility  of  an  hypothesis  which 
shall  very  exactly  satisfy  many  phenomena,  and  yet  be  incomplete  ;  it 
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■shoiva,  too,  tilt  iiecesbity  of  britigiiig  facts  of  all  kinds  to  bear  on  the 
bypotheais ;  thus,  in  this  ctsp  it  was  requisite  to  take  into  account  the 
facts  of  junction  and  separation  of  magnetic  bodies,  as  well  as  their 
attractions  and  repulsions 

If  we  have  seen  reason  to  doubt  the  doctrine  of  electric  fluids  as 
physical  realities,  wo  cannot  help  pronouncingnpon  the  magnetic  fluids 
as  having  still  more  inacture  claims  to  a  materia!  esistecce,  even  on 
the  grounds  just  stateJ  But  we  may  add  considerations  BtUl  more 
decisive  ;  for  at  a  further  stage  of  discovery,  as  we  shall  see,  magnetic 
and  electric  action  were  found  to  be  connected  in  the  closest  manner, 
so  as  to  lead  to  the  persuasion  of  theii'  being  different  effects  of  one 
common  canse.  After  those  discoveries,  no  philosopher  would  dream 
of  assuming  electric  fluids  and  magnetic  fluids  aa  two  distinct  material 
agents.  Yet  even  now  tie  nature  of  the  dependence  of  magnetism 
■  upon  any  other  cause  is  extremely  difficult  to  conceive.  But  till  we 
have  noticed  some  of  tbe  discoveries  to  which  we  Lave  alluded,  we 
cannot  even  speculate  about  that  dependence.  We  now,  therefore, 
proceed  to  sketeh  the  histoiy  of  these  discoveries. 
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ido  trepidant  sub  pectore  iibrje, 
M  nova  dranetis  aubrepene  vita  meduilia 
MEscetnr  morti  ;  tunc  omnia  palpitat  aitua 
renduntuc  aervi ;  nee  se  tellure  cadaver 
Paullatim  per  membra  levai ;  terraque  rcpulsum  est 
Eiectumque  simid.  rTm>j    -'   "'"'> 

Tiie  form  whicli  lay  before  inert  and  dead, 
Sudden  a  pieitang  tlirill  of  change  o'erapiead ; 
Returning  life  gleams  in.  the  atony  face, 
Tho  fibres  quiver  and  the  sineivs  brace, 
Move  the  atiff  limba  ; — nor  did  the  body  rise 
With  tempered  atrength  which  genial  life  supplies, 
But  upHght  starting,  its  fuU  stature  held, 
Aa  though  the  earth,  the  supine  corse  repelled. 
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TTTE  liave  given  the  name  of  mec/ianieo-chemtcal  to  tlie  class  of 
•'  sciences  now  under  our  consideration ;  for  these  sciences  are  con- 
cerned with,  cases  in  which  mechanical  effecte,  that  is,  attractions  and 
repulsions,  are  produced  ;  while  the  conditions  under  which  theae 
effects  occur,  depend,  aa  we  shall  hereafter  see,  on  chemical  relations. 
In  that  branch  of  theae  sciences  which  we  have  just  treated  of,  Magnet- 
ism, the  mechanical  phenomena  were  obvious,  but  their  connexion  with 
chemical  causes  waa  by  no  means  apparent,  and,  indeed,  has  not  yet 
come  under  our  notice. 

The  subject  to  which  we  now  proceed,  Galvanism,  belongs  to  the 
same  group,  but,  at  first  sight,  exhibits  only  the  other,  the  chemical, 
portion  of  the  features  of  the  cl^s ;  for  the  connexion  of  galvanic  phe- 
nomena with  chemical  action  was  soon  made  out,  but  the  mechanical 
effects  which  accompany  them  were  not  examined  till  the  examination 
was  required  by  a  new  train  of  discovery.  It  is  to  be  observed,  that  I 
do  not  include  in  the  class  of  mechanical  effects  the  convulsive  motions 
in  the  hmbs  of  animals  which  are  occasioned  by  galvanic  action ;  for 
these  movements  arc  produced,  not  by  attraction  and  repulsion,  but  by 
m.0scular  irritability  ;  and  though  they  indicate  the  existence  of  a 
peculiar  agency,  cannot  be  used  to  measure  its  intenaty  and  law. 

The  various  examples  of  the  class  of  agents  which  we  here  consider, 
— magnetism,  electricily,  galvanism,  electro-magnetism,  thermo-electri- 
city,— differ  from  each  other  principally  in  the  circumstances  by  which 
they  are  called  into  action  ;  and  these  difference  are  in  reality  of  a 
chemical  nature,  and  will  have  to  be  considered  when  we  c  n  e  t  tr  at 
of  the  inductive  steps  by  which  the  genera!  principles  oi  chem  cal 
theory  are  established.  In  the  present  part  of  our  task  tl  efo  e  e 
must  tafee  for  granted  the  chemical  conditions  on  which  th  e  tat  on 
of  these  various  hinds  of  action  depends,  and  trace  the  1  to  7  of  th 
discovery  of  their  mechanical  laws  only.  This  rule  will  much  abiidge 
the  account  we  have  here  to  give  of  the  progress  of  discovery  in  the 
provinces  to  which  I  have  just  referred. 
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The  first  step  in  this  career  of  discovery  was  tliat  made  by  GalvanJ, 
Professor  of  Anatomy  at  Bologna.  In  1790,  electricity,  as  an  experi- 
mental science,  was  neariy  stationary.  The  impulse  given  to  its  pro- 
gress by  the  splendid  phenomena  of  the  Leyden  phial  had  almost  died 
away,  Coulomb  was  employed  is  systematiidng  the  theory  of  the  elec- 
tric fluid,  as  shown  hj  ite  statical  effects ;  bnt  in  all  the  other  parts  of 
the  snbject,  no  great  principle  or  now  result  liad  for  some  time  been 
detected.  The  first  announcement  of  Galvani's  discovery  in  1791 
excited  great  notice,  for  it  was  given  forth  as  a  manifestation  of  elec- 
tiicity  under  a  new  and  remarkable  character;  namely,  as  residing  in 
the  muscles  of  animals.'  The  limbs  of  a  dissected  frog  were  observed 
to  move,  when  touched  with  pieces  of  two  different  metals ;  the  j^nt 
which  produced  these  motions  was  conceived  to  be  identified  with 
electricity,  and  was  termed  animal  electricity  ;  and  Galvani's  experi- 
ments were  repeated,  with  various  modifications,  in  all  parts  of  Europe, 
exciting  mnch  curiosity,  and  giving  rise  to  many  speculations. 

It  is  our  business  to  determine  the  charaeter  of  each  groat  discovery 
which  appears  in  the  progress  of  science.  Men  are  fond  of  repeating 
tiat  snch  discoveries  are  most  commonly  tbe  result  of  accident ;  and 
we  have  seen  reason  to  reject  this  opinion,  since  that  preparation  of 
thought  by  which  the  accident  produces  discovery  is  the  most  impor- 
tant of  th.e  conditions  on  which  the  successful  event  depends.  Such 
accidents  are  like  a  spark  which  discharges  a  gun  already  loaded  and 
pointed.  In  the  case  of  Galvani,  indeed,  the  discovery  may,  with  more 
propriety  than  usual,  be  said  to  iave  been  casual ;  but  in  the  form 
ia  which  it  was  firat  noted,  it  exhibited  no  important  novelty.  His 
frog  was  lying  on  a  table  neav  the  conductor  of  an  electrical  machine, 
and  the  convulsions  appeared  only  when  a  spark  was  taken  from  tie 
machine.  If  Galvani  ha<l  been  as  good  a  physicist  as  he  was  an  anato- 
mist, he  would  probably  have  seen  that  the  movements  so  occasioned 
proved  only  that  the  muscles  or  nerves,  or  the  two  together,  formed  a 
very  sensitive  indicator  of  electrical  action.  It  was  when  he  produced 
such  motions  by  contact  of  metals  alone,  that  he  obtained  an  impor- 
tant and  fundamental  fact  in  science. 

The  analysis  of  this  fact  into  its  real  and  essential  conditions  was 
the  work  of  Alexander  Volta,anotlier  Italian  professor,  Volta,  indeed, 
possessed  that  knowledge  of  the  subject  of  electricity  which  made  a 
hint  like  that  of  Galvani  the  basis  of  a  new  science.     Galvani  appears 

'  Be  Viriitts  EleciHcis  in  Mniu  Masmlari.     Comm.  Bonoa.  t.  viL  1792. 
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never  to  have  acquired  much  general  knowledge  of  electricity :  Volta, 
on  the  other  hand,  had  labored  at  this  branch  of  knowledge  from  the 
Age  of  eighteen;  through  a  period  of  neai'ly  thirty  years ;  and  had  in- 
vented an  electropkorua  and  an  electrical  condenser,  which  showed  great 
experimental  skill.  When  he  turned  his  attention  to  the  experiments 
made  by  Galvani,  he  observed  that  the  author  of  them  had  been  far 
more  surprised  than  ha  needed  to  be,  at  those  results  in  which  an 
electrical  sparic  was  produced ;  and  that  it  was  only  in  the  cases  in 
which  no  such  apparatus  was  employed,  that  the  observations  could 
JTistly  ho  considered  as  indicating  a  new  law,  or  a  new  kind  of  elec- 
tricity.' He  soon  satisfied  himself  (about  1794)  that  the  essential  con- 
ditions of  this  kind  of  action  depended  on  the  metals;  thatitisbrotight 
into  play  most  decidedly  when  two  different  metals  touch  each  other, 
and  are  connected  by  any  moist  body  ; — and  that  the  parts  of  animals 
which  had  been  used  discharged  the  office  both  of  such  moist  bodies, 
and  of  veiy  sensitive  electrometers.  The  animal  electricity  of  Galvani 
mighty  he  observed,  be  with  mors  propriety  called  metallic  electricity. 

The  rect^ition  of  this  agency  as  a  peculiar  kind  of  electricity,  arose 
in  part  perhaps,  at  first,  fixim  the  contusion  made  by  Galvani  between 
the  cases  in  which  his  electrical  machine  was,  and  those  in  which  it 
was  not  employed.  But  the  identity  was  confirmed  by  ils  being  fonnd 
that  the  known  difference  of  electrical  conductors  and  non-conductoi's 
regulated  the  conduction  of  the  new  inflnence.  The  more  exact  deter- 
mination of  the  new  facts  to  those  of  electricity  was  a  succeeding  step 
of  the  progress  of  the  snbject. 

The  term  "  animal  electricity"  has  been  superseded  by  others,  of 
which  galvanism  is  perhaps  the  most  femiliar.  I  think  it  will  appear 
from  what  haa  been  said,  that  Volta's  office  in  this  discovery  is  of  a 
much  higher  and  more  philosophical  kind  than  that  of  Galvani ;  and 
it  would,  on  this  account,  be  more  fitting  to  employ  tlie  term  voltaic 
electricity/  ;  which,  indeed,  is  very  commonly  used,  especially  by  our 
most  recent  and  comprehensive  writers. 

Volta  more  fully  still  established  his  claim  as  the  main  originator  of 
this  science  by  his  next  step.  When  some  of  those  who  repeated  the 
experiments  of  Galvani  had  expressed  a  wish  that  there  was  some 
method  of  multiplying  the  effect  of  this  electricity,  such  as  the  Leyden 
phial  supplies  for  common  electricity,  they  probably  thought  their 
wishes  far  from  a  realization.     But  the  voltaic  pile,  which  Volta 

'  Phil.  Trans.  1193,  p.  21.  '  Si:o  Fischer,  viii.  626. 
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described  in  tli  PhihsophiLnl  Transactions  for  1800,  completely 
satisfies  this  ispiTitifu  ind  wa=  m  feet,  a  more  important  step  ia  the 
histoiy  of  eleotncjt_>  than  the  Leyden  jar  Jiad  been.  It  has  since 
undei^one  vanous  modifications,  of  wliicb  the  most  important  was 
that  introduced  by  CiuikshanLs,  who*  substituted  a  trough  for  a  pile. 
But  in  all  cases  the  principle  of  the  instrument  was  the  same  ; — a  con- 
tinued repetition  of  the  triple  combination  of  two  metals  and  a  fluid 
in  contact,  so  as  to  form  a  circuit  which  returns  into  itself. 

Such  an  instrument  is  capable  of  causing  effects  of  great  intonsity  ; 
as  seen  both  in  the  production  of  light  and  heat,  and  in  chemical 
changes.  But  the  discovery  with  which  we  are  bere  concerned,  is  not 
the  details  and  consequences  of  the  effects,  (which  belong  to  che- 
mistry,) bat  the  analysis  of  the  conditions  under  whicb  such  effects 
take  place ;  and  this  we  may  consider  as  completed  by  Volta  at  the 
epoch  of  which  wo  speat. 


CoNFiaMATIOK     01'     THE 

Br,ECTuioiTy. 


&ALVANrS  experiments  excited  a  great  interest  all  over  Europe,  in 
consequence  partly  of  a  circumstance  which,  as  wo  have  seen,  was 
unessential,  the  muscular  contractions  and  various  sensations  which 
they  occasioned.  Galvani  bimself  had  not  only  considered  the  anima! 
element  of  the  circuit  as  the  origin  of  the  electricity,  but  had  framed 
a  theory,'  in  which  he  compared  the  muscles  to  charged  jars,  and  the 
nerves  to  the  discharging  ivires  ;  and  a  controversy  was,  for  some  time, 
carried  on,  in  Italy,  between  the  adherents  of  Galvani  and  those  of 
Volta.' 

The  galvanic  experiments,  and  especially  those  which  appeared  to 
have  a  physiological  bearing,  were  verified  and  extended  by  a  number 
of  the  most  active  philosophers  of  Europe,  and  especially  William 
von  Humboldt.  A  commission  of  the  Institute  of  France,  appointed 
in  1797,  repeated  many  of  the  known  experiments,  but  does  not  seem 
to  have  decided  any  disputed  points.     The  researches  of  this  commis- 

'  Fischer,  viii.  p.  68B.  '  lb.  -viii.  618.  '  lb.  viii.  619. 
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sion  referred  ratiicr  to  the  diseoveiies  of  Galvani  than  to  those  of 
Volta  :  tlie  latter  were,  incleed,  hardly  known  ia  Franco  till  the  con- 
quest of  Italy  by  Bonaparte,  in  1801.  France  was,  at  the  period  of 
those  discoveries,  separated  from  all  other  countries  by  war,  and  espe- 
cially from  England,'  where  Volta'a  Memoirs  were  ptibloshed. 

The  political  revolutions  of  Italy  affected,  in  very  different  manners, 
the  two  discoverers  of  whom  we  speak.  Galvani  refused  to  take  an 
oath  of  allegiance  to  the  Cisalpine  republic,  which  the  French  conqueror 
established ;  he  was  consequently  stripped  of  all  his  offices ;  and 
deprived,  by  the  calamities  of  the  tim^  of  most  of  his  relations,  he 
sank  into  poverty,  melancholy,  and  debility.  At  l^t  his  scientific 
reput-ation  induced  the  republican  rulers  to  decree  his  restoration  to 
his  professorial  chair;  but  his  claims  were  recognised  too  late,  and  he 
■died  witliout  profiting  by  this  intended  ikvov,  in  1708. 

Volta,  on  Uie  other  baud,  was  called  to  Pai'ia  by  Bonaparte  as  a 
man  of  science,  and  invested  with  honors,  emoluments,  and  titles. 
The  eonqaeror  himself,  indeed,  was  strongly  interested  by  this  train 
of  research.*  He  himself  foundetl  valuable  prizes,  expressly  with  a 
view  to  promote  its  prosecution.  At  this  period,  there  was  some- 
thing in  this  subject  peculiarly  attractive  to  his  Italian  mind ;  for  the 
first  glimpses  of  discoveries  of  great  promise  have  always  excited  an 
enthusiastic  aetiviiy  of  speculation  in  t)je  philosophers  of  Italy,  though 
generally  accompanied  with  a  want  of  precise  thought.  It  is  nar- 
rated' of  Bonaparte,  that  after  seeing  the  decomposition  of  the  salts 
by  means  of  the  voltaic  pile,  he  tamed  to  Corvisart,  his  physician,  and 
said,  "  Here,  doctor,  is  the  image  of  life ;  the  vertebral  column  is  tho 
pile,  the  Hver  is  the  negative,  the  bladder  the .  positive,  pole."  The 
importance  of  voltaic  i-esearches  is  not  less  than  it  was  estimated  by 
Bonaparte ;  but  the  results  to  which  it  was  to  lead  were  of  a  kind 
altogether  different  from  those  which  thus  suggested  themselves  to 
his  mind.  The  connexion  of  mechanical  and  chemical  action  was  the 
first  great  point  to  be  dealt  with  and  for  this  purpose  the  laws  of  the 
mechanical  action  of  voltaic  elei.tncity  were  to  be  studied 

It  will  readily  be  suppled  that  the  voltaic  researches,  thus  begun 
opened  a  number  of  interesting  topics  of  txammaticn  and  discussion 
These,  however,  it  does  not  bekng  to  our  plice  to  dwell  npon  at 
present;  since  tliey  formed  paits  ff  the  theorj  of  the  subject,  whn,h 


'  Biog.  Vniv.,  art.  Volta,  {hy Blot)    'Cptq  eiel  T     I   d'EUfr  t  i  p  107 
*Jb.  t.i.  p.  108. 
Vol.  II,— le. 
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was  not  completed  til!  light  hail  Loon  thrown  upon  it  from  other 
r|uai'ter3.  The  identity  of  galvanism  with  electricity,  for  instance,  ivaa 
at  first,  aa  we  iave  intimated,  rather  conjectured  than  proved.  It 
was  denied  hy  Dr.  Fowler,  in  1^03  ;  was  supposed  to  be  confirmed  by 
Dr.  Wells  two  years  later ;  but  was,  still  later,  questioned  by  Davy. 
The  nature  of  the  operation  of  the  pile  was  variously  conceived. 
Volta  himself  had  obtained  a  view  of  it  which  succeeding  reseai-ches 
confirmed,  when  he  asserted,'  in  1800,  that  it  resembled  an  electric 
battery  feebly  charged  and  constantly  renewing  its  charge.  In  pur- 
suance of  this  view,  the  connnon  olectiical  action  was,  at  a  later 
period  (for  instance  by  Ampere,  in  1830),  called  electrical  tension, 
while  the  voltaic  action  was  called  the  electrical  current,  or  eltctro- 
motive  action.  The  different  effects  produced,  by  increasing  the  size 
and  the  number  of  the  plates  in  the  voltMc  trough,  were  also  very 
remarkable.  The  power  of  producing  heat  was  found  to  depend  on 
tlie  size  of  the  plates;  the  power  of  producing  chemical  changes,  on 
t3ie  otiier  hand,  was  augmented  by  the  number  of  plates  of  which 
the  battery  consisted.  The  former  effect  was  refeiTod  to  the  increased 
quantity,  the  latter  to  the  intensity,  of  the  electric  luid.  We  men- 
tion tliese  distinctions  at  present,  rather  for  the  pui'pose  of  explaining 
the  language  in  ivliich  tlie  results  of  the  succeeding  investigations  are 
narrated,  t^aii  with  the  intention  of  representing  tlie  hypotheses  and 
measures  which  they  imply,  as  cleai-ly  established,  at  the  period  of 
which  we  speak.  For  that  puipose  new  discoverii^  were  requisite, 
which  we  have  soou  to  relate. 


CHAPTER  m. 

DisoovBEY  OF  THE  Laws  of  ti!E  Mutual  Attraction'  asd  PlEPUL- 
aion  OF  Voltaic  Currents. — Ampere. 

IN  order  to  show  the  place  of  voltaic  electricity  among  the  mechanico- 
chemical  sciences,  we  must  speak  of  its  mechanical  laws  as  separate 
from  the  laws  of  electro-magnetic  action  ;  although,  in  fiict,  it  was  only 
in  consequence  of  tlie  forces  which  conducting  voltaic  wires  exert  upon 
magnets,  tliat  those  forces  were  detected  which  they  exert  upon  each 

'  Phil.  Tram,  p,  403. 
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other.  This  latter  discovery  was  made  by  M.  Ampere ;  aad  tlio  extra- 
ordiitaiy  rapidity  and  sagacity  with  whicli  lie  cauglit  the  su^eation  of 
such  forces,  from  the  electvo-mognetic  espeviinents  of  M.  Oersted,  (of 
which  we  shall  speak  in  the  nest  chapter,)  well  entitle  iiin  to  be  con- 
sidered as  a  great  and  independent  discoverer.  As  Jie  truly  says,'  "  it 
by  no  means  followed,  that  because  a  condncting  wire  exerted  a  force 
on  a  magnet-,  two  conducting  wires  must  exert  a  force  on  each  other; 
for  two  pieces  of  soft  iron,  both  of  which  aifect  a  magnet,  do  not  affect 
each  ofier,"  But  immediately  on  the  promulgation  of  Oersted's  ex- 
periments, in  1820,  Ampere  leapt  forwards  to  a  general  theory  of  the 
facta,  of  which  theory  the  mutual  attraction  and  repulsion  of  conduct 
ing  voltaic  wires  was  a  fundamental  supposition.  The  supposition  wis 
immediately  veiified  by  direct  trial ;  and  the  laws  of  this  attriction 
and  repulsion  were  sooji  determined,  with  groat  experimental  ingcnuitj , 
and  a  very  remai-tahle  eonimand  of  the  resources  of  analysis  But 
the  experimental  and  analytical  investigation  of  the  mutual  action  of 
voltaic  or  electrical  cuiTents,  was  so  mixed  up  witi,  the  examination  of 
the  laws  of  electi'o-magnetism,  which  had  given  occasion  to  the  inves- 
tigation, that  we  must  not  treat  the  two  provinces  of  research  as 
separate.  The  mention  in  this  place,  pi^eroattire  as  it  might  appear,  of 
the  labora  of  Ampere,  arises  inevitably  from  his  being  the  author  of  a 
beautiful  and  comprehensive  generalization,  which  not  only  included 
the  phenomena  exhibited  by  tlie  new  combinations  of  Oersted,  but 
also  disclosed  forces  which  existed  in  arrangements  already  iamiliar, 
although  they  had  never  been  detected  till  the  theory'  pointed  out  how 
they  were  to  be  looked  for. 


CHAPTER  IV. 

filSCOVEBV    OP    EtECTRO-MAOXF.TIC    AcTION". OeRSTED. 

TTTF.  impulse  which  tlie  discovery  of  galvanism,  in  1791,  and  that 
of  the  voltMC  pile,  in  1800,  had  given  to  the  stndy  of  electricity  as 
a  mechanical  science,  had  nearly  died  away  in  1820.  It  was  in  that 
year  that  M.  Oersted,  of  Copenliagen,  announced  that  the  conducting 

'  ThiofU  de>  Pksnom.  Electrodjinamiqufs,  p.  113. 
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wire  of  a  voltaic  circuit,  acts  upon  a  magnetic  needtu  ;  and  thus  re- 
called into  actii'ity  that  endeavor  to  connect  magnetism  witli  electri- 
city, whicb,  though  apparently  on  many  accounts  so  liopefid,  bad 
hitherto  been  attended  with  no  success.  Oersted  found  that  the  needle 
Las  a  tendency  to  place  itself  at  right  angles  to  tlie  wire ; — a  kind  of 
action  altogether  different  from  any  which  had  been  suspected. 

This  observation  was  of  vsfit  importance ;  and  the  analysis  of  its  con- 
ditions and  consequences  employed  the  best  philosophers  in  Europe 
immediately  on  its  promidgation.  It  is  impossible,  without  great  in- 
justice, to  refuse  great  merit  to  Oersted  as  the  author  of  the  diaeoveiy. 
We  have  already  said  that  men  appear  generally  inclined  to  believe 
remarkable  discoveries  to  be  accidental,  and  tie  discovery  of  Oereted 
has  been  spoken  of  as  a  Cimual  insulated  expeiiment.'  Yet  Oersted  had 
been  looking  for  such  an  accident  probatly  more  careftilly  and  perse- 
veringly  than  any  other  person  in  Europe.  In  1807,  he  had  pub- 
lished '  a  work,  in  which  he  prof^sed  ttat  his  purpose  was  "  to  ascci'- 
tain  whether  electi-icity,  in  its  most  latent  state,  had  any  effect  on  the 
magnet"  And  he,  as  I  know  from  his  own  declaration,  considered 
his  discovery  as  the  natural  sequel  and  confirmation  of  his  early 
researches;  as,  indeed,  it  fell  iu  readily  and  immediately  with  specu- 
lations on  these  subjects  then  veiy  prevalent  in  Germany.  It  was  an 
accident  like  that  by  which  a  man  gue^os  a  riddle  on  which  his  mind 


Besides  the  confirmation  of  Oersted's  observations  by  many  esperi- 
inenters,  great  additions  were  made  to  his  foots :  of  these,  one  of  tlie 
most  important  vaa  due  to  Ampere,  Since  the  earth  is  in  iact  mag- 
netic, the  voltaic  wire  ought  to  be  affected  by  terrestrial  magnetism 
alone,  and  ought  to  tend  to  assume  a  position  depending  on  the 
position  of  the  compass-needle.  At  first,  the  attempts  to  produce 
this  effect  felled,  but  soon,  with  a  more  delicate  apparatus,  the  result 
was  found  to  agree  with  the  anticipation. 

It  is  impossible  here  to  dwell  on  any  of  the  subsequent  researches, 
except  so  fer  as  they  are  essential  to  our  great  object,  the  progress 
towards  a  general  theory  of  the  subject,  I  proceed,  therefore,  imme- 
diately to  the  attempts  made  towards  this  object. 


'  See  Bchelling  iisber  Faraday's  Entdeckumg,  p.  27.  '  Ampere,  p.  69. 
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CJTAn.'EE  V. 
DiscovBUY  or  THE  Liwa  of  Eleotko-j 

ON  attempting  to  analyse  the  electro-niaguetic  plionomena  oljsorvod 
by  Oersted  and  others  into  tieir  simplest  foiins,  they  appeared,  at 
least  at  first  sight,  to  bo  different  from  any  mechanical  actions  which 
had  yet  been  observed.  It  seemed  aa  if  tlie  conducting  \Ticeexci1;ed  on 
the  pole  of  tlie  magnet  a  force  wMch  was  not  atti-active  or  repulsive, 
bnt  transverse  ; — not  tending  to  draw  the  point  acted  on  nearer,  or  to 
pnsh  it  further  ofi',  in  the  line  which  reached  from  the  acting  point,  but 
lilting  it  to  move  at  right  angles  to  this  line.  The  forces  appeared  to 
be  such  as  Kepler  had  dreamt  of  in  tie  infancy  of  mechanical  con- 
ceptions; ratber  than  such  aa  those  of  whicli  Newton  had  established 
fie  existence  in  the  solar  system,  and  such  as  he,  and  all  bis  successors, 
had  supposed  to  be  the  only  kinds  of  force  which  exist  in  nature. 
The  north  pole  of  the  needle  moved  as  if  it  were  impelled  by  a  voi-tex 
revolving  round  tlie  wire  in  one  direction,  wMlo  the  south  pole  seemed 
to  be  driven  by  an  opposite  vort«x.  The  case  seemed  novel,  and 
almost  pai'adoxica]. 

It  was  soon  established  by  esperhcent-s,  made  in  a  gi-eat  variety  of 
forms,  that  the  mechanical  action  was  really  of  this  transverse  kind. 
And  a  curious  result  was  obtained,  ivMch  a  little  while  before  would 
have  been  considered  as  altogether  incredible  ; — tiat  tJi    f  Id 

cause  a  constant  and  rapid  revoktion  of  either  ot  th    b   1      abo  tth 
other ; — of  the  conducting  wire  about  tlie  mag    t         f  tl  g    t 

about  tlie  conducting  wire.     This  was  effected  b     M     F     d  y    n 
1821. 

The  laws  which  regulated  the  intensity  of  tbi  t  tl      f 

f«  the  distance  and  postiion  of  the  bodies,  now  t  ally  c.  m  f  1 
examined.  MM.  Biot  and  Savart  in  France,  and  M  Ba  I  n  Eng 
land,  instituted  such  measures ;  and  satisfied  tl  m  1  that  th  1 
luentary  force  followed  the  law  of  magnitude  of  all  known  elementary 
foi'ces,  in  being  inversely  as  the  square  of  the  distance ;  although,  in 
its  dii-ection,  it  was  so  entirely  different  from  other  forces.  But  the 
investigation  of  the  laws  of  phenomena  of  the  subject  was  too  closely 
with  the  choice  of  a  mechanical  tlieorj',  to  be  established 
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previously  and  independently,  as  liad  been  done  in  astronomy.  Tlio 
experiments  gave  complex  i-esults,  and  the  analysis  of  these  into  their 
elementary  actions  was  almost  an  indispensable  step  in  order  to  disen- 
tangle their  laws.  We  must,  therefore,  state  the  progress  of  this 
analysis. 


CIIAPTEE  VI. 
THEOftv  OF  Elbctrodynamica 


A  MPEEE'8  Theory, — Nothing  can  show  in  a  more  striking  manner 
4i-  the  advanced  condition  of  physical  speculation  in  1820,  than  the 
reduction  of  the  strange  and  complex  phenomena  of  electromagnetism 
to  a  simple  and  general  theory  as  soon  as  they  were  published.  In- 
stead of  a  gradual  establishment  of  laivs  of  phenomena,  and  of  theories 
more  and  more  perfect,  occupying  ages,  as  in  the  case  of  astronomy, 
or  generations,  as  in  the  instances  of  magnetism  and  electricity,  a  few- 
months  sufficed  for  the  whole  process  of  generalization  ;  and  the  ex- 
periments made  at  Copenhagen  were  announced  at  Paris  and  London, 
almost  at  the  same  time  with  the  skilful  analysis  and  comprehensive 
inductions  of  Ampere. 

Yet  we  should  err  if  we  should  suppose,  from  the  celerity  witii 
whicb  the  task  was  executed,  that  it  was  an  easy  one.  Tliere  were 
required  in  the  autlior  of  such  a  theoiy,  not  only  those  clear  concep- 
tions of  the  relations  of  space  and  force,  which  are  the  fli'st  condi- 
tions of  all  sound  theory,  and  a  full  possession .  of  the  experiments  ; 
but  also  a  masterly  command  of  the  mathematical  anna  by  whicli 
alone  the  victory  could  be  gained,  and  a  sagacious  selection  of  proper 
experiments  which  might  decide  the  fate  of  the  proposed  hj-pothesis. 
It  h  true,  that  the  nature  of  the  requisite  hypothesis  was  not  diffi- 
cTilt  to  see  in  a  certmu  vague  and  limited  way.  The  conducting-wire 
and  the  magnetic  needle  had  a  tendency  to  arrange  themselves  at  light 
angles  to  one  another.  This  might  be  represented  by  supposing  the 
wire  to  be  made  up  of  transverse  magnetic  needles,  or  by  supposing 
the  needle  to  fee  made  up  of  transverse  conducting- wires  ;  for  it  was 
easy  to  conceive  forces  which  should  bring  corresponding  ■  elements, 
either  magnetic  or  voltaic,  into  parallel  positions;  and  then  the  gene- 
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ral  phenomena  above  stated  woukl  bo  accounted  for.  And  tbe  clioitie 
between  the  two  modes  of  eonception,  appeared  at  first  sight  a  matter 
of  indifference.  The  majority  of  philosophers  at  first  adopted,  or  at 
icast  employed,  tho  former  method,  as  Oersted  in  Germany,  Bci-zelius 
in  Sweden,  Wollaston  in  England. 

Ampere  adopted  the  other  view,  accoi-ding  to  which  the  magnet  is 
made  up  of  conducting-ivires  in  a  transverse  position.  Eut  he  did  for 
his  hypotiiesia  what  no  one  did  or  could  do  for  the  other ;  he  showed 
that  it  was  the  only  one  which  ivonld  account,  without  additional 
and  arbitrary  suppositions,  for  the  facts  of  coniinued  motion  in  electro- 
magnetic cases.  And  ho  fnrthcr  elevated  his  theory  to  a  higher  rank 
of  generality,  by  showing  that  it  explained, — not  only  the  action  of 
a  conducting-wire  upon  a  magnet,  but  also  two  other  classes  of  facts, 
already  spoken  of  in  this  history, — tho  action  of  ms^ots  upon  each 
othei', — and  the  action  of  conducting-wires  npon  each  otlier. 

The  deduction  of  such  particular  cises  from  the  theory,  I'cquired, 
as  may  easily  be  imagined,  some  complex  calcidations  ;  but  the  deduc- 
tion being  satisfactory,  it  will  be  seen  that  Arapeve's  theory  conformed 
to  that  description  which  we  have  repeatedly  had  to  point  out  as  the 
usual  character  of  a  true  and  stable  theory  ;  namely,  that  besides  ac- 
counting for  the  class  of  phenomena  whici  suggested  it,  it  supplies  an 
nnforeseon  explanation  of  other  known  facts.  For  the  mutnat  action 
of  magnets,  which  was  supposed  to  be  already  reduced  to  a  satisfactoiy 
theoretical  form  by  Coulomb,  ivaa  not  contemplated  by  Ampere  in  the 
formation  of  his  hypothesis  ;  and  tho  mutual  action  of  voltaic  currents, 
though  tried  only  in  consequence  of  the  suggestion  of  the  theory,  was 
clearly  a  fact  distinct  from  electromagnetic  action  ;  yet  all  these  facts 
flowed  alike  from  the  theory  And  thus  Ampeie  brought  mto  ^lew  a 
class  of  forces  for  which  the  teim  "  elcctiomagnetic  "  was  too  limited, 
and  which  he  designated'  by  the  appropiiate  term  elechodynamn, , 
distinguishing  them  by  this  expression,  js  the  torce?  ot  an  eleetnc 
cmTent,  fiwrn  the  siaiical  cfiocts  of  electricity  which  we  had  formerly 
to  ti'eat  of.  This  term  has  passed  into  common  nse  among  ecienbfie 
writers,  and  remains  tlie  i-eeoid  and  «tamp  of  the  sulclss  of  the  Am 
perian  induction. 

The  first  promulgation  of  Ampere's  \  luws  w  as  by  a  communication 
to  the  French  Academy  of  Sciences,  September  tho  18th,  1820 ;  Oer- 
sted's discoveries  having  reached  Paris  only  in  tlie  preceding  July, 

'  Ann.  de  CMm.,  torn.  ss.  p,  60  (1S22). 


d  by  Google 


348  HISTORT  OF  GALVANISM. 

At  almost  every  meetiug  of  the  Academy  during  tlie  remainder  of 
that  year  and  the  beginning  of  tlie  followiDg  one,  he  liad  new  deve- 
lopements  or  new  confirmationa  of  his  tlieoiy  to  amiounce.  The  most 
hypothetical  part  of  his  theory, — the  proposition  that  magnets  might 
be  considered  in  thoir  effects  as  identical  with  spiral  voltaic  wii'es, — 
he  asserted  from  the  very  first.  The  mutual  atti'aetion  and  repulsion 
of  voltaic  wires, — the  laws  of  this  action,— -the  deduction  of  the  ob- 
served iacts  from  it  by  ealeulation,— the  determination,  by  new  expc- 
riments,  of  the  constant  quaatities  which  entered  into  his  formula^,-— 
followed  in  rapid  succession.  Tlie  theory  must  be  briefly  statod.  It 
had  already  been  seen  that  parallel  voltaic  currents  attracted  each 
other ;  when,  instead  of  being  parallel,  they  wero  situate  in  any  direc- 
tions, they  still  exerted  attractive  aud  repulsive  forces  depending  on 
the  distance,  and  on  the  directions  of  each  element  of  both  currents. 
Add  to  this  doctrine  the  hypothetical  constitution  of  magnets,  namely, 
"that  a  voltaic  current  rung  round  the  axis  of  each  paiticle,  and  we 
have  the  means  of  calculating  a  vast  variety  of  i-esulta  which  may  be 
compared  with  esperimont.  But  the  laws  of  the  elementary  forces 
required  farther  fixation.  "What  fanctions  are  the  forces  of  the  dis- 
tance and  the  directions  of  tlie  elements ! 

To  extract  from  experiment  an.  answer  to  this  inquiry  was  far  irom 
easy,  for  the  elementary  forces  were  mathematically  connected  with 
the  observed  facts,  by  a  double  mathematical  integration ; — a  long, 
and,  while  the  constant  eoefflcients  remained  undefined,  hardly  a  pos- 
sible operation.  Ampere  made  soma  trials  in  this  way,  but  his  hap- 
pier genius  suggested  to  him  a  better  path.  It  oecarred  to  him,  that 
if  his  integrals,  without  being  specially  found,  could  be  shown  to 
vanish  npon  the  whole,  under  certain  conditions  of  the  problem,  this 
circumstance  would  correspond  to  arrangements  of  his  apparatus  in 
which  a  state  of  equilibrium  was  preserved,  however  the  form  of  some 
of  the  parts  might  be  changed.  He  found  two  such  cases,  which 
were  of  great  importance  to  tlie  theory.  The  first  of  these  cases 
proved  that  the  force  exerted  by  any  element  of  tlie  voltaic  wire 
might  be  resolved  into  other  forces  by  a  theorem  resembling  the  well- 
^nown  proposition  of  the  parallelogram  of  forces.  This  was  proved 
by  showing  that  the  action  of  a  straight  wire  is  the  same  with  that  of 
another  wire  which  joins  tlie  same  extremities,  but  is  bent  and  con- 
torted in  any  way  whatever.  But  it  still  remained  necessaiy  to  deter- 
mine two  fundamental  quantities ;  one  which  expressed  the  power  of 
the  distance  according  to  which  the  force  varied  ;  the  other,  the  de- 
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gree  in  wliicli  the  force  is  affected  by  tlie  oblifiuitij  of  tte  elements. 
One  of  tlie  general  causes  of  equilibrium,  of  which  ive  have  spofceii, 
gave  a  relation  between  these  two  quantities ;'  and  as  the  power  was 
naturally,  and,  as  it  afterwards  appeared,  rightly  conjectured  to  be  the 
inverse  square,  the  other  quantity  also  was  determined ;  and  the 
general  problem  of  electrodynamical  aj^tion  was  fully  solved. 

If  Ampere  had  not  been  an  accomplished  analyst,  he  would  not 
have  been  able  to  discover  the  condition  on  which  the  mdlity  of  the 
integral  in  this  case  depended.'  And  throughout  his  labors,  we  find 
reason  to  admire,  both  liis  mathematical  skill,  and  his  steadiness  of 
thought ;  although  these  escellonces  are  by  no  means  accompanied 
throughout  with  corresponding  clearness  and  elegance  of  exposition  in 
his  writings. 

Reception  of  Anipfire's  Theory. — Clear  mathematical  conceptions, 
and  some  familiarity  with  mathematical  operations,  were  needed  by 
readei-s  also,  in  order  to  appreciate  the  evidence  of  the  theory ;  and, 
tliei-efore,  we  nee<l  not  feci  any  surprise  if  it  was,  on  its  publication 
and  establishment,  hailed  with  far  less  enthusiasm  than  so  remarkable 
a  triumph  of  generalizing  power  might  appear  to  deserve.  For  some 
time,  indeed,  the  greater  portion  of  the  public  were  naturally  held  in 
suspense  by  the  opposing  weight  of  rival  names.  The  Amperian 
theoiy  did  not  mate  its  way  without  contention  and  competition. 
The  electro-magnetic  experiments,  from  their  first  appearance,  gave  a 
clear  promise  of  some  new  and  wide  generalization ;  and  held  out  a 
prize  of  honor  and  fame  to  him  who  ahoidd  be  first  in  giving  the 
right  interpretation  of  the  riddle.  In  Finance,  the  emulation  for  such 
reputation  is  perhaps  more  vigilant  and  anxious  than  it  is  elsewhere  ; 
and  we  sec,  on  this  as  on  otlier  occasions,  the  scientific  host  of  Paris 
springing  upon  a  new  subject  with  an  impetuosity  which,  in  a  short 
time,  mns  into  controvereies  for  priority  or  for  victory.  In  this  case, 
M.  Biot,  as  well  as  Ampere,  endeavored  to  reduce  the  electro- magnetic 
phenomena  to  general  laws.  The  discussion  between  him  and  Am- 
pere turned  on  some  points  which  are  curious.  M.  Biot  was  disposed 
to  consider  aa  an  elementary  action,  the  force  which  an  element  of  a 
voltaic  wire  exeiis  upon  a  magnetic  particle,  and  which  is,  aa  we  have 
seen,  at  right  angles  to  their  mutual  distance  ;  and  he  conceived  that 

"  Coramunleotion  to  the  Acai  So.,  June  10,  1S22.    See  Ampire,  S^mil,  p. 
'  Recueil,  p.  314. 
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the  (.juil  Ricti  II  «lii<.!i  net  "Siiilj  dtcompiiiita  tint,  atti  n  icts  op 
positely  to  tliL  action,  not  m  tlie  sfime  liac,  but  iii  a  piiallol  line  at 
tlie  other  citremit\  of  tlic  diitanoe ,  tliua  fonnmg  -i  pnmitn  o  couple, 
to  use  a  teclmici!  expiesBion  bononcd  fiom  mcehaiiic".  To  tins 
Ampere  objccteJ'  tliat  the  diii-U  opposition  of  al!  clcmcitaij  ictiou 
and  itattiou  "ms  i  unneisal  and  iieeesBary  nieclianical  lv.\  IIi 
showed  too  tliat  '.uch.  a  couple,  as  had  been  assumed  would  folloiv  as 
a,derivatue  itsalt  fiom  Im  theoiy  And  in  ccmpinig  hia  own  the- 
01}  with  that  111  which  the  voltaic  wire  is  assimihtcd  to  a  coliectitTi 
of  ti-anhv PitiQ  inoQinots  he,  i\aa  also  ibk  to  piorc  that  nj  such  atirm 
bhc;e  of  foiLL'.  attnij,  to  and  fiom  fixed  point's  a"  the  foiccs  of  n  a^ 
nets  do  act,  conld  produce  a  continued  motion  like  that  diseo^eied  Ij 
FaJUda)  This,  indeed  w^  only  the  wellkuonn  demonstiittion  ot 
the  imposaibihtT  cf  a  pci'pctn'il  motieu  If  instead  if  i  eoOection  ot 
mas^nets,  the  adverse  thcoriEita  had  spoken  of  a  mignetio  ciurenf  thcj, 
might  piobably  interpret  their  expressions  so  as  to  e^pliin  the  facts 
that  IS  if  they  consideied  e^eiv  clunLut  of  such  a  turient  as  i  iija_, 
not,  and  consequtiitlv,  e^  eij  point  of  it  is  being  i  north  an  1  a  >K)  itli 
point  at  the,  &ame  instant  But  to  mtioduee  sueh  a  conoepticn  of  i 
magnetic  cunent  ^is  to  abankn  all  the  lins  of  mTifnctii'  action 
hitherto  estilhshed,  and  conaeqi  ently  to  lose  all  that  ga^e  tlic  bjpo 
thesis  its  lalue  llie  idea  of  an  eleotne  eurreut,  on  Uie  othei  hand, 
was  so  fai  h  ini  heme;  a  ne«  and  haznidons  asimption  that  it  had 
aJiead\  been  foiccd  upon  philoaopheis  fi^im  the  inne  of  ^  olta,  and 
m  tins  cunent  tic  KAsiion  oi  p  etedtnff  and  ^uc  efdinff,  vhicli  noccs 
sanly  existed  botncen  tk  evtieraitiea  ot  any  element  intiodiiL,i !  that 
lelatne  polirity  on  which  the  sueccss  if  the  explanations  of  the  iaets 
depended  And  thus  in  thia  control  er=j  the  tlieoiy  of  Ampere  his  a 
great  and  undeniable  snpeiiority  oier  tho  inal  hjtotliesos 


CHAPTER  VIT. 
OT  I'lIE  Electrodyxa] 


IT  is  not  necessary  to  state  the  various  applications  whioh  were  soon 
made  of  the  electro-magnetic  discoveries.     But  we  may  notice  one 

*  Aiupire,  Thlorie,  p.  164. 
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of  the  most  impovtiint, — tlie  Galvanometer,  an  instr  lira  out  wliicli,  by 
enabJing  the  philosoplior  to  detect  and  to  measure  exti'oinolj"  minute 
clectroclycamic  actions,  gave  an  impulse  to  the  subject  similar  to  that 
which  it  received  from  the  iiu'entiou  of  the  Leyden  Phial,  or  the 
Voltaic  Pile.  The  strength  of  tiie  Toltaic  cairent  was  measured,  in 
this  instrument,  by  the  deflection  produced  in  a  corapate  needle  and 
its  sensibility  was  multiplied  by  malsiiig  thewiie  }a  6  i  pcttedlv  aTo^t 
and  below  the  needle.  Scliwei^er,  of  Halk  ••■vi  oie  ot  the  fiiH 
devisers  of  this  apparatus. 

The  substitution  of  electro-magnets,  that  is,  of  =piial  tube?  mpOKcd 
of  voltaic  wir(s,  for  common  rnagncta,  gave  rii.o  ti  a  vat  ct\  of  urious 
apparatus  and  speculations,  some  of  which  I  shall  hciiiftLi  mcnti  n 

[2nd  Ed.]  [When  a  roltaic  apparatus  is  m  actio  i  tlitio  mav  be 
conceived  to  he  a  current  of  electricity  rnnnu  g  thioi^h  itf.  laiious 
elements,  as  stated  in  the  text.  Tlie  force  of  tliis  cuucnt  in  (■uiois 
parts  of  tbo  circuit  has  been  made  the  subject  of  nntheraaticil  mtes- 
tigation  by  M.  Ohm,'  The  problem  is  in  ever\  respect  s  m  lai  to  that 
of  the  flow  of  heat  through  a  body,  and  taken  generally,  lends  to  com- 
plex calculations  of  the  same  kind.  But  Dr.  Ohm,  by  limiting  the 
problem  in  tie  first  place  by  conditions  which  the  usual  nature  and 
form  of  voltaic  apparatus  suggest,  has  been  able  to  give  gi'cat  simplicity 
to  his  reasonings.  These  conditions  are,  the  linear  fonn  of  the  con- 
ductors (wires)  and  the  steadiness  of  the  electric  state.  For  this  part 
of  the  problem  Dr.  Ohm's  reasonings  are  as  simple  and  as  demonstra- 
tive as  tie  elementary  propositions  of  Mechanics.  Tke  foruralte  for 
the  electric  force  of  a  voltaic  current  to  which  he  is  led  have  been 
experimentally  verified  by  othei-^  especially  Fechuor,'  Gauss,'  Lenz, 
Jacobi,  Poggendoif,  and  Pouillet. 

Among  ourselves,  Mr.  Wheatstone  has  confirmed  and  applied  the 
views  of  M,  Ohm,  in  a  Memoii'*  On  New  Instruments  and  Processes 
for  determining  the  Constants  of  a  Voltaic  Circuit,  He  there  remarks 
that  the  clear  ideas  of  electiwjjotive  forces  and  resistances,  snbstituted 
by  Ohm  for  the  vague  notions  of  quantity  and  intensity  which  have 
long  been  prevalent,  give  satisfactory  explanations  of  the  most  impor- 
tant difficulties,  and  exprias  the  laws  of  a  vast  number  of  phci 


'  Die  Gahanische  Ketie  MaVieiiiaiiseh  b^arbdttt  v<in  Th:  G.  S.  Ohm,  Berlin, 

'  Mass-1)esliiitmengen  iiber  die  Qahamschc  Kdle.    Leipzig,  IBSl. 

'  ReiuUs  of  the  Ma^nelit:  Association.  '  FUl.  Ti-ans.  1843.     Ft  11. 
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ill  formula!  of  remarkable  simplicity  and  generality.  In  tliis  Memoir, 
Professor  Wheatatone  describes  an  instrument  which  lie  terms  Rheostat, 
because  it  brings  to  a  common  standardthe  voltaic  currents  which  are 
compared  by  it.  Ho  generaJizea  the  language  of  the  subject  by  em- 
ploying the  term  r}ieomotor  for  any  apparatus  which  originates  sn 
electric  current  (whether  voltaic  or  thermoelecti'ic,  &c.)  and  rheometer 
for  any  instrument  to  measure  the  foree  of  such  a  cniTent.  It  appeal's 
that  the  idea  of  constructing  an  instrument  of  the  nature  of  the 
Rheostat  had  occuiTed  also  to  Pi'of.  Jacobi,  of  St.  Petersbiii^.] 

The  galvanometer  led  to  the  discovery  of  another  class  of  cases  in 
which  the  eleetrodynamical  action  was  called  into  play,  namely,  those 
in  which  a  circuit,  composed  of  two  metals  only,  hecame  electro-mag- 
netic by  heating  one  pait  of  it.  This  discovery  of  thermo-electricity 
was  made  by  Professor  Seeheck  of  Berlin,  in  1822,  and  prosecuted  by 
various  pcKons ;  especially  by  Prof.  Cunlming'  of  Cambridge,  mho, 
eai'ly  in  1833,  extended  the  examination  of  this  property  to  most  of 
the  metals,  and  determined  their  thenno-clecti'ic  order.  But  as  these 
investigations  exhibited  no  new  mechanical  effects  of  electromotive 
forces,  they  do  not  now  further  concern  us ;  and  we  pass  on,  at  present, 
to  a  case  in  which  such  forces  act  in  a  manner  different  from  any  of 
those  already  described. 

DieCOVEKY   OF  DiAMAGNBTISM, 

[2nd  Ed.]  [By  tlie  discoveries  just  related,  a  cylindrical  spiral  of 
wire  through  which  an  electi'ic  current  is  passing  ia  identified  with  a 
m^net ;  and  the  effect  of  such  a  spiral  is  increased  by  placing  in  it  a 
core  of  soft  iron.  By  the  use  of  such  a  combination  under  the  influence 
of  a  voltaic  battery,  magnets  are  constructed  far  more  powerful  than 
those  which  depend  upon  the  permanent  magnetism  of  iron.  The 
electro-magnet  employed  by  Dr.  Faraday  in  some  of  his  experiments 
would  sustain  a  hundred-weight  at  either  end. 

By  the  use  of  such  magnets  Dr,  Faraday  discovered  that,  besides 
iron,  nicke!  and  cobalt,  which  possess  magnetism  in  a  high  degree,  many 
bodies  ai-e  magnetic  in  a  slight  degree.  And  he  made  the  farther  very 
important  discovery,  that  of  those  substances  which  are  not  mag- 
netic, many,  perhaps  all,  possess  an  opposite  property,  in  virtue  of 
which  he  terms  them  diarmignetic.     Tlie  opposition  is  of  this  kind  ; — 


.    On  ike  Scvelirpntent  of  Elcctro-jifagnelisiii  by  Scat 
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tliat  magnetic  bodies  in  tlio  fomi  of  bai's  or  needles,  if  free  to  move, 
Ri'raiige  themselves  in  the  axiai  line  joining  the  poles ;  diamagnetic 
bodies  under  the  same  circnmstances  arrange  themselves  in  an  equato- 
rial position,  perpendicular  to  tlie  axial  line.  And  this  tendency  he 
conceives  ia  be  the  result  of  one  more  general ;  that  whereas  magnetic 
bodies  are  attracted  to  the  polos  of  a  magnet,  diamagnetic  bodies  are 
repelled  fi-om  the  poles.  The  list  of  diamagnetic  bodies  includes  all 
kinds  of  substances ;  not  only  metals,  as  antimony,  bismuth,  gold,  silver, 
lead,  tin,  zinc,  but  many  crystals,  glass,  pliosphorus,  sulphur,  sugar,  gitm, 
wood,  ivory ;  and  even  flesh  and  fruit. 

It  appeal's  that  M.  le  Bailli  had  shown,  in  ]829,  that  both  bismntli 
and  antimony  and  bismuth  lepolled  the  magnetic  needle ;  and  as  Dr. 
Faraday  remarks,  it  is  astonishing  tliat  such  an  experiment  should 
have  remained  so  long  without  further  results.  M.  Becquerel  in  1827 
obseri'ed,  and  quoted  Coulomb  as  baring  also  observed,  that  a  needle 
of  wood  under  certain  conditions  pointed  across  the  magnetic  curves ; 
and  also  stated  that  he  had  found  a  needle  of  wood  place  itself  parallel 
to  the  wires  of  a  galvanometer.  This  be  referred  to  a  magnetism 
transverse  to  the  lengtli.  But  he  does  not  refer  the  phenomena  to 
elementary  repnlaive  action,  nor  show  that  they  are  common  to  an 
immense  class  of  bodies,  nor  distinguish  this  diamagnetic  from  the 
magnetic  class,  as  Faraday  has  taught  us  to  do. 

I  do  not  dwell  apon  tlie  peculiar  phenomena  of  copper  which,  in 
tl      am       n       t  1  os,  a     t  aced  by  Dr.  Faraday  to  tlie  com- 

bnd  fft  ttslamnt  haracter,  and  the  electric  cun'enfa 
X  ted  t  b  th  1  t  o-H  n  t;  nor  to  the  optical  phenomena 
man  f  ted  by  ta  tnja  td  magnetic  substances  under  electric 
a  t   a    a   al    al     t  t  d  nE    k     .'] 


CBAPTER  VIII. 
s  OF  Ma  ORE  to-Elect  arc  Induction. — Faea- 


[T  was  cleai'ly  established  by  AmpSro,  as  we  have  seen,  that  mag 
netic  action  is  a  peculiar  form  of  dectromotive  actions,  and  that,  it 


■  See  the  Ihnentidh  Scries  of  Experimenlal  Eessarch^s  in  Electrisiiij,  read  to 
the  Royal  Society,  Dae  18,  1846. 
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tliis  \mA  of  agenoy,  action  and  reaction  are  equal  anil  opposite.  It 
appeared  to  follow  almost  irresistibly  from  these  considei'ations,  that 
magnetism  might  be  roade  to  produce  electricity,  aa  electricity  coald 
be  made  to  imitate  all  the  effects  of  magnetism.  Yot  for  a  long  time 
the  attempts  to  obtain  such  a  result  were  fruitless.  Faraday,  in  182o, 
ondeavoi'ed  to  make  tlie  conducting- wire  of  the  voltaic  circuit  excite 
electricity  in  a  neighboring  wire  by  induction,  as  the  conductor  chained 
with  common  electricity  would  have  done,  but  ho  obtained  no  such 
effect.  If  this  attempt  had  succeeded,  the  magnet,  ivticli,  for  all  such 
pTuposes,  is  an  assemblage  of  voltaic  circuits,  might  also  have  been 
made  to  excite  electiicity.  About  the  same  time,  an  experiment  was 
made  in  France  by  M.  Arago,  which  really  involved  the  effect  thus 
sought ;  though  this  effect  was  not  extricated  fi'om  the  complex  phe- 
nomenon, till  Faraday  began  his  &plendid  career  of  discoveiy  on  this 
subject  in  1832,  Arago's  observation  was,  that  the  rapid  revolution 
of  a  conduetiug-plate  in  the  neighborhood  of  a  magnet,  gave  rise  to  a, 
force  acting  on  the  magnet  In  England,  Messi's.  Barlow  and  Christie, 
Hersohel  and  Babbage,  repeated  and  tried  to  analyse  this  experiment ; 
but  referring  the  forces  only  to  conditions  of  space  and  time,  and  over- 
looking the  real  cause,  the  electrical  eunents  produced  by  the  motion, 
tiese  philosophers  were  altogether  unanccossful  in  their  labors.  In 
1831,  Faraday  again  sought  for  etcctro-dynamioal  induction,  and  after 
some  futile  trials,  at  last  found  it  in  a  form  different  from  that  in  which 
he  had  looted  for  it.  It  was  tlien  seen,  that  at  the  precise  time  of 
making  or  breaking  the  contact  which  closed  the  galvanic  circuit,  a 
momentaiy  effect  was  induced  in  a  neighboring  wire,  but  disappeared 
instantly.'  Once  in  possession  of  this  fact,  IVIr.  Faraday  ran  rapidly  up 
the  ladder  of  discovery,  to  the  general  point  of  view. — Instead  of  sud- 
denly making  or  breaking  the  contact  of  the  inducing  circuit,  a  similar 
effect  was  produced  by  reoio^'ing  the  inducible  wire  nearer  to  or  fur- 
ther from  the  circuit ;' — the  effects  were  increased  by  the  proximity  of 
soft  iron;' — when  the  soft  iron  was  affected  by  an  ordinary  magnet 
instead  of  the  voltaic  wire,  the  same  effect  still  recurred  ;*— and  thus 
it  appeared,  that  by  making  and  breaking  magnetic  contact,  a  momen- 
tary electric  current  was  produced.  It  was  produced  also  by  moving 
the  magnet;" — or  by  moving  tlie  wire  with  reference  to  the  magnet^' 
Finally,  it  was  found  that  the  earth  might  supply  the  place  of  a  magnet 
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ill  this  as  in  ottior  expei'imeuta  ;'  and  the  more  motion  of  a  wire,  under 
pi-opor  circumstances,  produced  in  it,  it  appeared,  a  momentary  electric 
cun-ent,'  These  fects  were  curiously  confinned  hy  the  results  in  spe- 
cial cases.  They  explained  Arago's  expei'iments  ;  for  the  momentarj- 
effect  became  permanent  by  the  revolution  of  the  plate.  And  without 
Tising  tlie  magnet,  a  revolving  plate  became  an  electrical  machine  ■' — 
a  revolving  globe  exhibited  electro-magnetic  action,'"  the  cii-cuit  being 
complete  in  the  globe  itself  without  the  addition  of  any  wire  ;^and  a 
mere  motion  of  the  wire  of  a  galvanomctoi'  produced  an  oloctro-dyna- 
niic  effect  upon  its  needle," 

Bnt  the  question  ocelli's,  What  ia  the  general  law  whieli  determines 
the  direction  of  electwc  ouiTents  tlins  produced  by  the  joint  effects  of 
motion  and  magnetism  ?  Nothing  but  a  peculiar  steadiness  and  clear- 
ness in  his  conceptions  of  space,  could  have  enabled  Mr.  Faraday  to 
detect  the  law  of  this  phenomenon.  For  the  question  required  that  he 
should  determine  the  mutual  relations  in  space  which  connect  the  mag- 
netic poles,  the  position  of  the  wire,  the  direction  of  the  wire's  motion, 
and  the  electrical  cuiTent  produced  in  it.  Tliis  was  no  easy  problem ; 
indeed,  the  mere  relation  of  the  magnetic  to  the  electric  forces,  the  one 
set  being  perpendicular  to  the  other,  is  of  itself  sufficient  to  perplex  the 
mind ;  as  we  have  seen  in  the  tistoiy  of  the  electrodynamical  diseo- 
veries.  But  Mr.  Faraday  appears  to  have  seized  at  once  the  law  of  the 
phenomena.  "  The  relation,"  he  says,'°  "  which  holds  between  the 
magnetic  pole,  the  moving  wire  or  metal,  and  the  direction  of  the  cur- 
rent evolved,  is  very  simple  (so  it  seemed  to  him)  although  I'atlicr  diffi- 
cult to  express."  Ho  represents  it  by  referring  position  and  motion  to 
the  "  magnetic  curves,"  which  go  fi'om  a  magnetic  polo  to  the  oppo- 
site pole.  The  cuiTont  in  the  wu'e  sols  one  way  or  the  other,  according 
to  the  dii'ection  in  which  the  motion  of  the  wire  cuts  these  curves. 
And  thus  he  was  enabled,  at  tbe  end  of  his  Second  Series  of  Researches 
(December,  1831),  to  give,  in  general  terms,  the  law  of  nature  to  which 
may  be  referred  the  extraordinaiy  number  of  new  and  curious  cxpori- 
menta  which  he  has  stated  ;" — namely,  that  if  a  wire  move  so  as  to 
cut  a  inagnetdc  curve,  a  power  is  called  into  action  which  tends  to  ui^ 
a  magnetic  current  through  the  wire ;  and  that  if  a  mass  move  so  that 
its  piLrts  do  not  move  in  the  same  direction  aci'oss  the  magnetic  curves. 
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and  witli  tlie  same  angular  velocity,  electrical  cufreuts  are  called  into 
play  in  the  mass. 

This  rule,  thus  simple  from  its  generality,  though  inevitably  com- 
plex in  every  special  case,  may  bo  looked  upon  as  supplying  the  fii'st 
demand  of  philosopliy,  the  law  of  the  phenomena  ;  and  accordingly 
Dr.  Faraday  has,  in  ^  his  snbseijuent  researches  on  ini^neto-electric 
induction,  applied  this  law  to  his  esperiments ;  and  has  thereby  tie- 
ravelled  an  immense  amount  of  apparent  inconsistency  and  confusion, 
for  those  who  have  followed  him  in  his  mode  of  conceiving  the 
subject. 

But  yet  other  philosophers  have  regarded  these  phenomena  in  other 
points  of  view,  aud  have  stated  the  laws  of  the  phenomena  in  a  man- 
ner different  from  Faraday's,  although  for  the  most  part  equivalent  to 
his.  And  these  attempts  to  express,  in  the  most  simple  and  general 
form,  the  law  of  the  phenomena  of  magneto-electrical  induction,  have 
naturally  been  combined  with  the  expression  of  other  laws  of  electrical 
and  magnetical  phenomena.  Further,  these  endeavors  to  connect  and 
generalize  the  Facts  have  naturally  been  clothed  in  the  garb  of 
various  TIieoTies : — the  laws  of  phenomena  have  been  espressed  in 
terms  of  the  supposed  cames  of  the  phenomena  ;  as  fluids,  attractions 
and  repulsions,  particles  with  currents  running  through  them  or 
round  them,  physical  lines  of  force,  and  the  like.  Such  views,  and 
the  conflict  of  them,  are  the  natural  and  hopeful  prognostics  of  a 
theory  which  shall  harmonize  their  discords  and  include  all  that  each 
contains  of  Truth.  The  fermentatiou  at  present  is  perhaps  too  great 
to  allow  us  to  sec  clearly  the  truth  -which  lies  at  the  bottom.  But  a 
few  of  the  leading  points  of  recent  discussions  on  these  subjects  will  bo 
noticed  in  the  Additions  to  this  volume. 


CHAPTER  IX. 
Transition  to  Chemical  Scibncb. 

THE  preceding  train  of  generalization  may  justly  appear  extensive, 
and  of  itself  well  worthy  of  admiration.  Yet  we  are  to  consider 
all  that  has  there  been  establislied  as  only  one-half  of  the  science  to 
which  it  belongs, — one  limb  of  the  colossal  form  of  Chemistry.     We 
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!  will  suppose,  the  laws  of'  Eluctwe  Polanty  ;  but 
we  have  then  to  ask,  What  is  the  relation  of  tiiia  Polarity  to  Chemical 
Composition  ?  This  was  the  great  problem  which,  constantly  present 
to  the  minds  of  electro-chemical  inquirers,  drew  them  on,  with  the 
promise  of  some  deep  and  comprehensive  insight  into  the  meclianism 
of  nature.  Long  tasks  of  research,  though  only  subsidiary  to  this, 
were  cheerfully  undertaken.  Thus  Faraday'  describes  himself  as 
compelled  to  set  about  satisfying  himself  of  the  identity  of  common, 
animal,  and  voltaic  electricity,  as  "the  decision  of  a  doubtful  point 
which  interfered  with  the  extensioE  of  bis  views,  and  destroyed  the 
strictness  of  reteoning."  Having  established  this  identity,  he  pro- 
ceeded with  his  grand  undertaking  of  electro-chemical  research. 

The  connexion  of  electrical  currents  with  chemical  action,  though 
kept  out  of  sight  in  the  account  we  have  hithoilo  given,  was  never 
forgotten  by  the  experimenters ;  for,  iu  fact,  the  modes  in  which  elec- 
trical currents  were  excited,  were  chemical  actions; — the  action  of 
acids  and  metals  on  each  other  in  the  voltaic  trough;  or  in  some  other 
form.  Tlie  dependence  of  the  electrical  effect  on  these  chemical 
actions,  and  still  more,  the  chemical  actions  produced  by  the  agency 
of  the  poles  of  the  circuity  had  been  caj'efiilly  studied ;  and  we  must 
now  relate  with  what  saeceas. 

But  in  what  terms  shall  we  present  this  narration?  We  have 
spoken  of  chemical  actions, — hut  what  kind  of  actions  are  these  i 
Deeompoeition ;  the  resolution  of  compounds  into  their  ingredients; 
the  separation  of  acids  fi-om  bmes  ;  the  reduction  of  bodies  to  simple 
elements.  These  names  open  to  us  a  new  drama ;  they  are  words 
which  belong  to  a  different  set  of  relations  of  things,  a  different  train 
of  scientific  inductions,  a  different  system  of  generaliaations,  h-om  any 
with  which  we  have  hitherto  been  coneei-ned.  We  must  learn  to 
understand  these  phrases,  hefore  wo  can  advance  in  our  history  of 
human  knowledge. 

And  how  are  we  to  leai'n  the  meaning  of  this  collection  of  words ! 
In  what  other  language  shall  it  be  expldned?  In  what  terms  shall 
we  define  these  new  expressions !  To  this  we  are  compelled  to  reply, 
tliat  we  cannot  translate  these  terms  into  any  ordinary  language; — 
that  we  cannot  define  them  in  any  terms  already  familiar  to  us.  Here, 
as  in  all  other  branches  of  knowledge,  the  meaning  of  words  is  to  be 
sought  in  the  progress  of  thought ;  the  history  of  science  is  our  dic- 

'  Deo.  1832,     Researches,  2.U. 
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tionary ;  tlia  aLepa  of  scientific  iuductiun  are  our  definitions.  It  is 
only  by  going  back  throngb  tbe  succ^sEqI  researches  of  men  respect- 
ing tbe  composition  and  elements  of  bodies,  tliat  we  can  learn  in  what 
sense  such  terms  must  be  understood,  so  as  to  convey  real  knowledge. 
In  order  that  they  may  have  a  meaning  for  us,  ws  mast  inquire  what 
meaning  they  had  in  the  minds  of  the  authors  of  oar  discoveries. 

And  thus  we  cannot  advance  a  step,  till  we  have  brought  up  ouv 
history  of  Chemistry  to  the  level  of  our  history  of  Electricity; — till 
wc  have  studied  the  progress  of  the  analytical,  as  well  as  the  mecha- 
nical sciences.  We  ai'o  compelled  to  pause  and  loot  backwai'ds  here ; 
just  as  happened  in  the  history  of  astronomy,  when  we  arrived  at  tlie 
brink  of  tbe  great  laochanical  inductions  of  Newton,  and  found  that 
wc  must  trace  the  history  of  Meclianics,  before  we  could  proceed  to 
mechanical  Astronomy,  The  terms  "force,  attraction,  inertia,  momen- 
tum," sent  us  back  into  preceding  centuries  then,  just  as  the  terms 
"  composition"  and  "  element"  send  us  back  now. 

Nor  is  it  to  a  small  extent  that  we  have  thus  to  double  back  upon 
our  past  advance.  Next  to  Astronomy,  Chemistry  is  one  of  the  most 
ancient  of  sciences  ; — the  field  of  the  eai-liest  attempts  of  man  to  com- 
mand and  understand  nature.  It  has  held  men  for  centuries  by  a  kind 
of  fascination ;  and  innumerable  and  endless  are  the  various  labors, 
the  failures  and  successes,  the  speculations  and  conclusions,  the  strange 
pretences  and  fantastical  dreams,  of  those  who  have  piii-sued  it.  To 
exhibit  all  these,  or  givo  any  account  of  them,  would  be  impossible ; 
and  for  oar  design,  it  would  not  ba  pertinent.  To  extract  from  the 
mass  that  which  is  to  our  purpose,  is  difficult ;  but  the  attempt  must 
be  made.  We  must  endeavor  to  analyse  the  history  of  Chemistry, 
so  far  as  it  has  tended  towards  the  establishment  of  general  principle. 
We  shall  thus  obtain  a  sight  of  generalizations  of  a  new  kind,  and 
shall  prepare  ourselves  for  others  of  a  higher  order. 
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Boon  had  lis  crew 

Opened  into  the  hili  a  spacious  wound, 
And  digged  out  ribs  of  gold  .... 
Anon  out  of  tlie  earth  a  fabric  liuge 
Hose  tiliH  an  exbalation,  with  the  sound 
Of  dulcet  symphonies  and  voices  sweet, 
Built  like  11  tcniplc. 


Milton.    Faradiae  I/isi,  i 
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iMrBOVEMENT  OE  THE  NoTlON  Or  ClIEMICAL  AnALYSIB,  AND  EUCOGNr- 

TioN  OF  rr  AS  THE  Spaoieic  Art. 

THE  docti'ino  of  "the  four  element  ft!       11    t  t 

of  man's  speculative  nature;  goi.    Lack  p    haps,  to  t  m     at 
to  Greet  philosophy;  and  aa  the    1    t     e    f  Anst  tl     anl  C  I 
reigned  for  fifteen  hundred  years  ove    th    ("  nt  1     Chn  t   n       i  M 
hammedan  world.    In  medicine,  tau  ht  as  th    d    tn  e  of  tl      f 
"elementary  qiialities,"  of  which  the  h  m  n  ^  d      nd    11     th        uV 
stances  are  compounded,  it  had  a  very  p  w  rful  an  J     t  n         nflu  n 
upon  medical  practice.    But  this  doctnne  never  led  to  any  attempt 
actually  to  analyse  bodies  into  their  supposed  elements  :  for  composi- 
tion was  inferred  from  the  resemblance  of  the  qualities,  not  from  the 
separate  exhibition  of  the  ingredients ;  the  supposed  analysis  was,  in 
short,  a  decomposition  of  tlie  body  into  adjectives,  not  into  substan- 

This  doctrine,  therefore,  may  be  considered  as  a  negative  state,  ante- 
cedent to  the  very  beginning  of  chemistry ;  and  some  progress  beyond 
this  mere  negation  was  made,  aa  soon  as  men  began  to  endeavor  to 
compound  and  decompound  substances  by  the  use  of  fire  or  mixtnre, 
however  erroneous  might  be  the  opinions  and  expectations  which  they 
combined  with  their  attempts.  Alchemy  is  a  step  in  chemistry,  so  far 
as  it  implies  the  recognition  of  the  work  of  the  cupel  and  the  retort, 
as  the  produce  of  analysis  and  synthesis.  How  perplexed  and  pervert- 
ed were  the  forms  in  which  this  recognition  was  clothed, — how  mixed 
up  with  mythical  follies  and  extravagancies,  we  have  already  seen ;  and 
tlie  share  which  Alchemy  had  in  the  formation  of  any  sounder  know- 
ledge, is  not  such  as  to  justify  any  fnrtlier  notice  of  that  pursuit. 

The  result  of  the  attempts  to  analyse  bodies  by  heat,  mixture,  and  the 
like  processes,  was  the  doctrine  that  the  first  principles  of  things  are 
three,  not  four;  narady,  salt,  mlphur,  3.nd  mercurf/ ;  and  that,  of  these 
three,  all  things  are  compounded.  In  reality,  the  doctrine,  as  thns 
stated,  contained  no  truth  which  was  of  any  value ;  for,  though  the 
chemist  could  extract  from  most  bodies  portions  which  he  called  salt, 
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and  sulphur,  and  mcrcary,  these  names  were  given,  rather  to  save  the 
hypothesis,  than  because  the  sulstances  were  really  those  usually  so 
called ;  and  thus  the  supposed  analyses  proved  nothing,  as  Boyle  justly 
ui^ed  agmnst  them,' 

The  only  real  advaaoe  in  chemical  theory,  therefore,  which  we  can 
aserihe  to  the  school  of  the  three  pi'inciples,  as  compared  with  those 
who  held  the  ancient  dogma  of  tJie  four  elements,  is,  the  acknowledg- 
ment of  the  changes  produced  hy  the  chemist's  operations,  as  being 
changes  which  were  to  bo  accounted  for  hy  the  union  and  separation 
of  substantial  elements,  or,  as  they  were  sometimes  called,  of  hyposta- 
tkal  principles.  The  workmen  of  this  school  acquired,  no  doubt,  a 
considerable  acquaintance  with  the  results  of  the  kinds  of  precedes 
which  they  pmsued ;  they  applied  their  knowledge  to  the  preparation 
of  new  medicines ;  an^  some  of  tbem,  as  Paracelsus  and  Van  Helmont, 
attained,  in  this  way,  to  great  feme  and  distinction :  but  their  merits, 
as  regards  theoretical  chemistry,  consist  only  in  a  tmer  conception  of 
the  problem,  and  of  the  mode  of  attempting  its  solution,  than  their 
predecessors  had  entertained. 

This  step  is  well  mai'ked  by  a  word  which,  about  the  time  of  which 
we  speak,  was  introduced  to  denote  the  chemist's  employment.  It  was 
called  the  Spagiric  art,  (often  misspelt  Spafft/ric,)  from  two  Greek 
words,  {Kfcioj,  ajysipu,)  which  mean  to  separate  parts,  and  to  unite 
them.  These  two  processes,  or  in  more  modern  language,  analysis 
and  synthesis,  constitute  the  whole  busings  of  the  chemist.  We  are 
not  making  a  fanciful  arrangement,  therefore,  when  we  mark  the  rec<^- 
uilion  of  this  object  as  a  step  in  the  progress  of  chemistry,  I  now 
proceed  to  consider  the  manner  in  which  the  conditions  of  this  analy- 
sis and  synthesis  were  further  developed. 


CHAPTER   II. 
DocTKiNB  OF  Acid  and  Aikall^Sylviuw. 

AMONG  the  results  of  mixture  observed  by  chemists,  were  many 
instances  in  whirh  two  ingredients,  each   in  itscK  pungent  or 
destructive,  being  put  together,  became  mild  and  inoperative ;  each 


'  Khaw'B  Boyle.     Skeptical  CJ'umht,  pp.  312.  S13  &'•. 
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counteracting  and  neutralizing  the  activity  of  tlie  other.  The  notion 
of  such  opposition  and  neutrality  is  applicable  to  a  very  wide  range  of 
chemical  processes.  The  person  who  appears  first  to  have  steadily 
seized  and  generally  applied  this  notion  is  Francis  de  la  Bo6  Sylvius ; 
who  was  born  in  1014,  and  practised  medicine  at  Amsterdam,  with  a 
success  and  reputation  which  gave  great  currency  to  his  opinions  on 
that  art'  His  chemical  theories  were  propounded  as  subordinate  to 
his  medical  doctrines ;  and  from  heing  tlius  presented  under  a  most 
important  practical  aspect,  excited  far  more  attention  than  mere  theo- 
retical opinions  on  the  composition  of  bodies  could  have  done.  Sylvius 
is  spoken  of  by  historians  of  science,  as  the  foundei'  of  the  iatro-che- 
mical  scot  among  physicians ,  that  is,  the  sect  which  considers  the  dia 
orders  in  the  human  frame  a^  the  efli^cts  of  chemical  rehtions  cf  the 
fluids,  and  applies  to  them  modts  of  euro  foundtd  upon  this  doctnne 
"We  have  here  to  spcat,  not  of  his  physiological  bnt  of  his  chemi  il 

The  distinction  of  acid  and  alkaline  bodies  {acidum  liuviim)  wjs 
feimiliar  before  the  time  of  Sylvius  ,  but  he  framed  a  sjstem,  by  con 
^dering  them  both  as  eminently  acnd  -ind  yet  opposite,  and  by  applv 
ing  this  notion  to  the  human  frame  Thus'  the  lymph  contains  tn 
acid,  the  bile  an  alkaline  salt  The^e  two  opposite  aiinl  substances, 
when  they  are  hrought  toj^clher  neulialize  each  othei  {tnfi  ingtint), 
and  arc  changed  into  an  iut  rmediate  and  milder  substance 

The  progress  of  this  doctiine,  as  a  physiological  one,  is  an  impoitaiit 
part  of  the  history  of  medical  science  in  the  seventeenth  century  ;  but 
with  that  we  are  not  here  concerned.  But  as  a  chemical  doctrine,  this 
notion  of  the  opposition  of  acid  and  alkali,  and  of  its  veiy  general 
applicability,  struck  deep  root,  and  has  not  been  eradicated  up  to  our 
own  time.  Boyle,  indeed,  whose  disposition  led  him  to  suspect  all 
generalities,  expressed  doubts  with  regard  to  this  view ;'  and  argued 
that  the  supposition  of  acid  and  alkaline  parts  in  all  bodies  was  pre- 
cai'ious,  their  ofBces  arbiti-ary,  and  the  notion  of  them  unsettled. 
Indeed  it  was  not  difficult  to  sliow,  that  there  was  no  one  cei-tain  ciit«- 
rion  to  which  all  supposed  acids  conformed.  Yet  the  general  concep- 
tion of  such  a  combination  as  tbat  of  acid  and  alkali  was  supposed  to 


Gesckiclde  der  Antteykunde,  vol.  iy.      TJiomEon's  Ilislvri/  of 
ChemistTy  in  tlie  oon-eaponding  port  is  translated  from  Sppengal. 
'  Dt  Melhodo  Mcdendi,  Amst  1679.     LIU  ii.  cap,  28,  sects.  8.  an-l  5S. 
'  Shaw'a  Soyle,  Hi.  p.  432. 
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be,  served  so  well  to  express  many  chemical  facts,  tliat  it  kept  its  ground. 
It  is  found,  for  instance,  in  Lemery's  Chemistry,  which  was  ono  of 
those  in  most  general  use  before  the  introduction  of  the  phlo^stic 
theory.  In  this  work  (which  was  translated  into  English  by  KeiU,  in 
1698)  wo  find  altalies  defined  by  their  effewescing  with  acids.*  They 
were  distinguished  as  the  mineral  alkali  (soda),  the  vegetable  alkali 
(potaasa),  and  the  volatile  alkali  {ammonia).  Again,  in  Macquer's 
Chemistry,  which  was  long  the  textbook  in  Europe  during  the  reign 
of  phlogiston,  we  find  acids  and  alkafies,  and  their  niiioTi,  in  which 
tliey  rob  each  other  of  their  characteristic  properties,  and  form  neutral 
salts,  stated  among  the  leading  principles  of  tlie  science,' 

In  truth,  the  mutual  relation  of  acids  to  alkalies  was  the  moat  essen- 
tial pait  of  the  knowledge  which  chemists  ptsaessed  concerning  them. 
The  inaportance  of  this  relation  arose  from  its  being  the  first  distinct 
form  in  which  the  notion  of  chemical  attraction  or  afiinity  appeared. 
For  the  acrid  or  caustic  character  of  acids  and  alkalies  is,  in  fact,  a 
tendency  to  alter  the  bodies  they  touch,  and  thus  to  alter  themselves ; 
and  the  neutral  cliaraotcr  of  the  compounds  in  tlie  absence  of  any  sach 
proclivity  to  change.  Acids  and  alkalies  have  a  strong  disposition  to 
unite.  Tliey  combine,  often  with  vehemence,  and  produce  neutral 
salts ',  they  cshibit,  in  shoi%  a  prominent  example  of  the  chemical 
attraction,  or  affinity,  by  which  two  ingredients  are  formed  into  a  com- 
pound. The  relation  of  acid  and  base  in  a  salt  is,  to  this  (Jay,  one  of 
the  main  grounds  of  all  theoretical  reasonings. 

The  more  distinct  development  of  tbe  notion  of  such  chemical 
attraction,  gradnally  made  its  way  among  the  chemists  of  the  latter 
part  of  the  seventeenth  and  the  beginning  of  the  eighteenth  centuiy, 
as  we  may  see  in  the  writings  of  Boyle,  Newton,  and  their  followers. 
Beecher  speaks  of  this  attraction  as  a  Tnagnetism. ;  but  I  do  not  know 
that  any  writer  in  particular,  can  be  pointed  out  aa  the  pei'son  who 
fiimly  estabUshed  the  general  notion  of  chemical  attraction. 

But  this  idea  of  chemioai  attraction  became  both  more  clear  and 
more  extensively  applicable,  when  it  assumed  the  foi-m  of  the  doctrine 
of  elective  attractions,  in  which  shape  we  must  now  speak  of  it. 

'  Lemeiy,  p.  25.  '  Maoquer,  p,  18. 
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criArTER  III. 

Doctrine  of  Elective  Aitkactioxs.     Geoffbov.     Eer&mak. 

THOUGH  the  chemical  combinations  of  bodies  had  already  been 
referred  to  attraction,  in  a  v^ue  and  general  matinor,  it  was  im- 
possible to  explain  the  changes  that  talte  place,  without  supposing  the 
attraction  to  be  gi'eater  or  less,  according  to  tJie  nature  of  the  body. 
Yet  it  was  some  time  before  the  nece^ity  of  such  a  supposition  was 
clearly  seen.  In  the  history  of  the  French  Academy  for  1718  (pub- 
lished IVIO),  the  writer  of  the  introductory  notice  (probably  Fonte- 
nelle)  says,  "  That  a  body  which  is  united  to  another,  for  example,  a 
solvent  which  has  penetrated  a  metal,  should  quit  it  to  go  and  unit* 
itself  with  another  which  we  present  to  it,  is  a  thing  of  which  the 
possibility  had  never  been  guessed  by  the  most  subtle  philosophers, 
and  of  which  the  explanation  even  now  is  not  easy."  The  doctrine 
had,  in  fact,  been  stated  by  Stahl,  but  the  assertion  just  quoted  shows, 
at  least,  that  it  was  not  familiar.  The  principle,  however,  is  very 
clearly  stated'  in  a  memoir  in  the  same  volume,  by  Geoffroy,  a  French 
physician  of  great  talents  and  vaiied  knowledge.  "We  observe  in 
chemistry,"  he  says,  "  certain  relations  amongst  different  bodies, 
which  cause  them  to  unite.  These  relations  have  their  degrees  and 
their  laws.  We  observe  their  different  degrees  in  this ; — that  among 
different  matters  jtimbled  together,  which  have  a  certain  disposition 
to  unite,  we  find  that  one  of  these  substances  always  unites  constantly 
with  a  certain  other,  preferably  to  all  the  rest,"  He  then  states  that 
those  which  unite  by  preference,  have  "plus  de  rapport,"  or,  ac- 
cording to  a  phrase  afterwards  used,  more  affinity.  "And  I  have 
satisfied  myself"  he  adds,  "  that  we  may  deduce,  from  these  obsen'a- 
tions,  the  following  proposition,  which  is  very  extensively  true,  though 
I  cannot  enunciate  it  as  universal,  not  having  been  able  to  examine 
all  the  possible  combinations,  to  assure  myself  that  I  should  find  no 
exception."  The  proposition  which  he  states  in  this  admirable  spirit 
of  philosophical  caution,  is  this  :  "  In  all  cases  where  two  substances, 

'  Mem.  Acad.  Par.  17 1 8,  p.  202. 
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wbicb  bave  any  disposition  to  combine,  are  united  ;  if  there  approaches 
them  a  third  wbich  has  more  affinity  with  one  of  the  two  this  one 


git 


b  f 

which  were  the  strongest  of  the  afBnitiea  brought  into  play,  and,  conse- 
quently, what  compounds  would  be  formed.  Geoffrey  himself  gave 
severs]  good  examples  of  this  use  of  bis  table.  It  was  speedily  adopted 
into  works  on  chemistry.  For  instance,  Macquer'  places  it  at  the  end 
of  his  book ;  "  taking  it,"  as  he  says,  "  to  be  of  great  use  at  the  end  of 
an  elementary  tract,  as  it  collects  into  one  point  of  view,  the  most 
essential  and  fiuidamental  doctiines  wbicb  are  dispersed  tbrongh  the 

The  doctrine  of  Selective  Attractions,  as  thus  promulgatJ^,  contained 
so  large  a  mass  of  truth,  that  it  was  never  serionsly  shaken,  though  it 
required  further  development  and  correction.  lu  particular  the  cele- 
brated work  of  Torbern  Bei^man,  professor  at  TJ^ala,  On  Eleeiwe 
jliiracijowa,  published  in  1V75,  introduced  into  it  matei'ial  improve- 
ments. Bergman  observed,  that  not  only  the  order  of  attractions,  but 
the  sum  of  those  attractions  which  had  to  form  the  now  compounds, 
must  be  taken  account  o^  in  order  to  judge  of  the  result.  Thus,' if  we 
have  a  combination  of  two  elements,  F,  s,  {potassa  and  vitriolic  acid), 
and  another  conihiuation,  L,  m,  (lime  and  muriatic  acid,)  though  s  has 
a  greater  affinity  for  P  than  for  L,  yet  tlie  sum  of  the  attractions  of  P 
to  m,  and  of  £  to  s,  is  greater  than  that  of  the  original  compounds,  and 
therefore  if  the  two  combinations  are  brought  together,  the  new  com- 
pounds, /*,  TO,  and  L,  s,  are  formed. 

The  Table  of  Elective  Attractions,  modified  by  Bei^man  in  pursu- 
ance of  these  views,  and  corrected  according  to  the  advanced  knowledge 
of  the  time,  became  still  more  important  than  before.     The  next  step 
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waa  to  take  into  accoaiit  the  quantities  of  the  elements  which  combined ; 
but  this  leads  us  into  a  new  train  of  investigation,  which  was,  indeed, 
a  natural  sequel  to  the  researches  of  Geoffrey  and  Bet^man. 

In  1803,  however,  a  chemist  of  great  eminence,  Berthollet,  published 
a  work  (Mssai  de  Slatique  C'himigue),  the  tendency  of  which  appeared 
to  be  to  throw  the  subject  back  into  the  condition  in  which  it  had  been 
before  Geoffrey.  For  BertJiollet  msintained  that  the  rules  of  chemical 
combination  were  not  definite,  and  dependent  on  the  nature  of  the 
substances  alone,  but  indefinite,  depending  on  the  quantity  preaont,  and 
other  circumstances.  Proust  answered  him,  and  as  Berzelina  aays,' 
"  Berttollet  defended  himself  with  an  acutenc^  which  makes  the  reader 
hesitate  in  his  judgment ;  but  the  great  mass  of  fects  finally  decided 
the  point  in  iavor  of  Proust."  Before,  however,  we  trace  the  result  of 
.  these  researches,  we  must  consider  Chemistry  as  ejrtending  her  inqni- 
ries  to  combustion  as  well  as  misture,  to  airs  as  well  as  fluids  and  solids, 
and  to  weight  as  well  as  quality.  These  three  steps  we  shall  now 
briefly  treat  of. 


OUAPTEU  IV. 
Doctrine  of  AoiniFicArioN  abu  Comuustios. — PiiLOGianc  TnfiOBY. 

PUBLICATION  of  the  Theory  ly  Beccher  and  Stahl.— It  will  be 
recollected  that  we  ai'e  tracing  the  history  of  the  progress  only  of 
Chemistry,  not  of  its  eiTors ; — that  wo  are  concerned  with  doctrines 
only  so  fer  as  they  are  true,  and  have  remained  part  of  the  received 
system  of  chemical  truths.  The  Phlogistic  Theory  was  deposed  and 
succeeded  by  the  Tlieory  of  Oxygen.  But  this  circumstance  must 
not  lead  us  to  overlook  the  really  sound  and  permanent  part  of  the 
opinions  which  the  founders  of  the  phlogistic  theory  taught.  Tliey 
brought  together,  as  processes  of  the  same  kind,  a  number  of  changes 
which  at  first  appeared  to  have  nothing  in  common ;  as  acidification, 
combustion,  respiration.  Now  this  classification  is  true;  and  its 
importance  remains  unduninished,  whatever  are  the  explanations 
which  we  adept  of  the  processes  themselves. 

The  two  chemists  to  whom  are  to  be  ascribed  the  merit  of  this  step, 
and  the  establishment  of  the  phlogistic  theory  which  they  connected 
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with  it,  are  Jolm  Joachim  Beecher  and  George  Ernest  Stahl ;  the 
former  of  whom  was  professor  at  Mentz,  and  physician  to  the  Elector 
of  Bavaria  (horn  I62S,  died  1682) ;  the  latter  was  professor  at  Halle, 
and  afterwariJa  royal  physician  at  Berlin  (born  1660,  died  1134), 
These  two  men,  who  thus  contiibnted  to  a  common  purpose,  were 
very  different  from  each  other.  The  first  was  a  frank  and  ardent 
enthusiast  in  the  pnrsuit  of  chemistry,  who  speaks  of  himself  and  his 
employments  with  a  commuuicaljreness  and  affection  hoth  amusing 
and  engaging.  The  other  waa  a  teacher  of  great  talents  and  influ- 
ence, hat  accused  of  haughtiness  and  moroeeness ;  a  character  which  is 
well  borne  out  by  the  oianner  in  which,  in  his  writings,  he  anticipates 
an  unfavorable  reception,  and  defies  it.  But  it  is  light  to  add  to  this 
that  he  speaks  of  Beecher,  his  predecessor,  with  au  ungrudging  ac- 
knowledgment of  obligations  to  him,  and  a  vehement  assertion  of  his 
merit  as  the  founder  of  the  true  system,  which  give  a  strong  impression 
of  Stahl's  justice  and  magnanimity. 

Becchei''s  opinions  were  at  first  promulgated  rather  as  a  correction 
than  a  refiitation  of  the  doctrine  of  the  three  principles,  salt,  snlphni, 
and  mercury.  The  main  peculiarity  of  his  views  consists  in  the 
offices  which  he  ascribe  to  his  sulphur,  these  being  such  as  after- 
wards induced  Stahl  to  give  the  name  of  Phlogiston  to  this  element, 
Beecher  had  the  sagacity  to  see  that  the  reduction  of  metals  to  an 
earthy  form  {calx),  and  tlie  formation  of  sulphuric  acid  from  snlphur, 
are  operations  connected  by  a  general  analogy,  as  being  alike  pro- 
cesses of  conihustioi!.  Hence  the  metal  was  snpposed  to  consist  of  an 
earth,  and  of  something  which,  in  the  process  of  combustion,  was 
separated  from  it ;  and,  in  like  manner,  sulphur  was  supposed  to  con- 
sist of  the  snlphuiic  acid,  which  remained  after  its  combustion,  and  of 
the  combustible  part  or  true  sulphur,  which  flew  off  in  the  bnniing, 
Beecher  insists  very  distinctly  upon  this  difference  between  his  ele- 
ment snlphur  and  the  "sulphur"  of  hia  Paracelsian  predecessors. 

It  must  be  considered  as  indicating  great  knowledge  and  talent  in 
Stahl,  that  he  perceived  so  clearly  what  part  of  the  views  of  Beecher 
was  of  general  troth  and  permanent  value.  Though  he'  everywhere 
gives  to  Beecher  the  credit  of  the  theoretical  opinions  which  he  pro- 
mulgates, ("  Becchotiana  sunt  quie  profero,")  it  seems  certain  that  he 
had  the  merit,  not  only  of  proving  them  more  completely,  and  apply- 
ing them  more  wideJy  than  his  foreranner,  but  also  of  conceiving  them 
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with  a  distinctness  which  Beccher  did  not  attain.  In  1697,  appeared 
Stahl'a  Zymotechnia  Fundamentalis  (the  Doctrine  of  Feiinentatioii), 
"  simulqiie  experimentum  novum,  sulphnr  verum  arte  producendi."  In 
this  work  (besides  other  tenets  which  the  author  considered  as  veiy 
important),  the  opinion  published  by  Beccher  was  now  maintained  in 
a  very  distinct  form; — namely,  that  the  process  of  foiining  sulphur 
from  sulphnric  acid,  and  of  restoring  the  metals  from  their  calces,  are 
analogous,  and  consist  alike  in  the  addition  of  some  combustible  ele- 
ment^ which  Stohl  termed  phloffUton  (^^Xcj-iVtov,  eomhustible).  The 
experiment  mcst  msi'.ted  on  m  the  work  now  spoken  of,'  was  the  for- 
mation of  STilphm  frcm  snlphate  ol  potass  (or  of  soda)  by  fusing  the 
salt  with  an  ■Ukali  and  throwing  m  loals  to  supply  pliiogiston.  This 
is  the  "  expenmentnm  iioi  um  Though  Stahl  published  an  account 
of  this  process,  he  seems  to  haie  ref,rctted  his  openness.  "  He  denies 
not,"  lie  says,  "that  he  should  peradveiiture  have  dissembled  this 
experiment  as  the  true  foundation  of  the  Beceherian  assertion  con- 
cerning the  nature  of  aulphnr,  if  he  had  not  been  provoked  by  the 
pretending  arrogance  of  some  of  his  contemporaries." 

From  this  time,  Stahl's  confidence  in  his  theory  may  be  traced  becom- 
ing more  and  more  settled  in  his  succeeding  pubhcations.  It  is  hardly 
necessary  to  observe  hero,  that  the  explanations  which  his  theory  gives 
are  easily  transformed  into  those  which  the  more  recent  theoiy  supplies. 
According  to  modem  views,  the  addition  of  oxygen  takes  place  in  the 
foimation  of  acids  and  of  calces,  and  in  combustion,  instead  of  the 
subtraction  of  phlogiston.  The  coal  which  Stahl  supposed  to  supply 
the  combustible  in  his  experiment,  does  in  fact  absorb  the  liberated 
oxygen.  In  like  manner,  when  an  acid  corrodes  a  metal,  and,  accord- 
ing to  existing  theory,  combines  with  and  oxidates  it,  Stahl  supposed 
that  the  phlogiston  separated  from  the  metal  and  combined  with  the 
acid.  That  the  explanations  of  the  phlogistic  theory  are  so  generally 
capable  of  being  translated  into  the  oxygen  theory,  merely  by  invert- 
ing the  snpposed  transfer  of  the  combustible  element,  shows  us  how 
important  a  step  towards  the  modern  doctrines  the  phlogistic  theory 
really  was. 

The  question,  whether  these  processes  were  in  fact  addition  or  sub- 
traction, was  decided  by  the  balance,  and  belongs  to  a  succeeding  period 
of  the  science.  But  we  may  observe,  that  both  Beccher  and  Stahl 
were  aware  of  the  increase  of  weight  which  metals  undergo  in  calcina- 
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tiou ;  although  the  timo  had  not  yet  arrived  in  whicii  this  fact  was  to 
he  made  one  of  the  bases  of  the  theory. 

It  has  been  said,'  that  in  the  adoption  of  the  phlogistic  theory,  that 
is,  in  supposing  the  above-mentioned  processes  to  ha  addition  rather 
than  subtraction,  "  of  two  po^ible  roads  the  wrong  was  chosen,  as  if 
to  prove  the  perversity  of  the  human  mind."  But  we  mnst  not  forget 
how  natural  it  was  to  suppose  that  some  part  of  a  body  was  desli-oyed 
or  removed  by  combustion ;  and  we  may  observe,  that  the  merit  of 
Beccher  and  Stahl  did  not  consist  in  the  selection  of  one  road  or  two, 
but  in  advancing  so  far  as  to  roach  tlxis  point  of  separation.  That, 
having  done  this,  they  went  a  little  fiirther  on  the  wrong  line,  was  an 
error  which  detracted  little  from  the  merit  or  value  of  the  progress 
really  made.  It  would  bo  easy  to  show,  from  the  writings  of  phiogiatic 
chemists,  what  important  and  extensive  truths  their  theory  enabled 
them  to  exprnss  simply  and  clearly. 

That  an  enthusiastic  temper  is  favorable  to  the  production  of  great 
discoveries  in  science,  is  a  rule  which  suffers  no  exception  in  the  cha- 
racter of  Beccher.  In  his  prelace'  addre^ed  "  to  the  benevolent  reader" 
of  his  Pkysica  Suhten-anea,  ho  speaks  of  the  chemists  as  a  strange 
class  of  mortals,  impelled  by  an  almost  insane  impulse  to  seek  their 
pleasure  among  smoke  and  vapor,  soot  and  flame,  poisons  and  poverty. 
"Yet  among  all  these  evils,"  he  says,  "  I  seem  to  myself  to  live  so 
Bweetiy,  that,  may  I  die  if  I  would  change  places  with  the  Pei'sian 
king."  He  is,  indeed,  well  worthy  of  admiration,  as  one  of  the  first 
who  puraued  the  labors  of  the  furnace  and  the  laboratory,  without  the 
bribe  of  golden  hopes.  "  My  kingdom,"  he  says,  "  is  not  of  this 
world.  I  trust  that  I  have  got  hold  of  my  pitcher  by  the  right  handle, — 
the  true  method  of  treating  this  study.  For  the  Pseudochymists  seek 
gold ;  but  the  true  philosophers,  science,  which  is  more  precious  than 
any  gold." 

The  Physica  Suhtcrranea  made  no  converts.  Statl,  in  his  indig- 
nant manner,  says,"  "  No  one  will  wonder  that  it  never  yet  obtained  a 
physician  or  a  chemist  as  a  disciple,  still  less  as  an  advocate."  And 
(^in,  "  This  work  obtained  very  little  reputation  or  estimation,  or, 
to  speak  ingenuously,  as  far  as  I  know,  none  whatever."  In  1671, 
Beeoher  published  a  supplement  to  Lis  work,  in  which  he  showed  how 
metal  might  be  extracted  from  mnd  and  sand.     He  offered  to  execute 
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tliis  at  VieoDii;  Lat  found  tliat  people  there  oared  nothing  about  such 
novelties,  lie  was  then  induced,  by  Baron  D'IsoIa,  to  go  to  Holland 
for  similar  purposes.  After  various  delays  and  quarrels,  he  was  obliged 
to  leave  Holland  for  fear  of  his  creditors  ;  and  then,  I  suppose,  came 
to  Great  Britain,  where  he  examined  the  Scottish  and  Cornish  mines. 
He  13  said  to  have  died  in  London  in  1682. 

Stahl's  publications  appear  to  have  excited  more  notice,  aud  led  to 
controversy  on  the  "  so-called  sulphur."  Tlie  success  of  the  experi- 
ment had  been  doubted,  which,  as  he  re)narks,  it  was  foolish  to  make 
a  matter  of  discussion,  when  any  one  might  decide  the  point  by  expe- 
riment ;  and  finally,  it  had  been  questioned  whether  the  substance 
obtained  by  this  process  were  pure  sulphur.  The  originality  of  his 
doctrine  was  also  questioned,  which,  as  he  says,  could  not  with  any 
justice  ha  impugned.  He  published  in  defence  and  development  of 
his  opinion  at  various  intervals,  as  the  Specimen  Beceherianumm  1703, 
the  Documentum  Theorice  Becckerianm,  a  Dissertation  De  Anatomia 
Svlpkurie  Artificialis  ;  and  finally,  Casttal  Thoughts  on  the  so-called 
Svlphvr,  iu  1718,  in  which  he  gave  (in  German)  both  a  historical  and  a 
systematic  \-iew  of  his  opinions  on  thenatureof  salts  and  of  his  Phlogiston. 

Reeeptiim  and  Application  of  the  Theory. — The  theory  that  the 
formation  of  sulphuric  acid,  and  the  restoration  of  metals  from  their 
calces,  are  analogous  processes,  and  consist  in  the  addition  of  phlogis- 
ton, was  soon  widely  received ;  and  the  Phlogistic  School  was  thus 
established.  Fi'om  Berhn,  its  original  seat,  it  was  diffused  into  al! 
parts  of  Europe.  The  general  reception  of  the  theory  may  be  traced, 
not  only  in  the  use  of  the  term  "phlogiston,"  and  of  the  explanations 
which  it  implies ;  but  in  the  adoption  of  a  nomenclature  founded  on 
those  esplanations,  which,  though  not  very  extensive,  is  sufficient  evi- 
dence of  the  prevalence  of  tlie  theory.  ThuswhenPi-iestley,inl774, 
discovered  oxj-gen,  and  when  Scheele,  a  little  later,  discovered  chlo- 
rine, these  gases  were  termed  dephloguticated  air,  and  dephlogistieat- 
ed  marine  acid  ;  while  azotic  acid  gas,  having  no  disposition  to  com- 
bustion, was  supposed  to  be  saturated  with  phlogiston,  and  was  called 
phlogisticaied  air. 

This  phraseology  kept  its  ground,  till  it  was  expelled  by  the  anti- 
phlogistic, or  oxygen  theory.  For  instance,  Cavendish's  papers  on  the 
ehemistry  of  the  airs  are  expressed  in  terms  of  it,  although  his  re- 
searches led  him  to  the  confines  of  the  new  theory.  "We  must  now 
give  an  account  of  such  researches,  and  of  the  consequent  revolution 
in  the  science. 
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CHAPTER  V. 
Chemistry  or  Gases. — Blaos.     Cavendish. 

THE  study  of  the  properties  of  aeriform  substance^  or  Pneumatic 
Chemistry,  as  it  was  called,  occupied  die  chemists  of  the  eighteontli 
century,  and  was  the  main  occasion  of  the  great  advances  which  the 
science  made  at  that  period.  The  most  material  general  truths  which 
came  into  view  in  the  course  of  these  researches,  were,  that  gases  were 
to  be  numhered  among  the  constituent  elements  of  solid  and  fluid 
bodies ;  and  that,  in  these,  as  in  all  other  cases  of  composition,  the 
compound  was  equal  to  the  sum  of  its  elements.  The  latter  propo- 
sition, indeed,  cannot  he  looked  upon  aa  a  discovery,  for  it  had  been 
ii'eqnently  acknowledged,  though  little  applied;  in  fact,  it  could  not 
be  referred  to  with  any  advantage,  till  the  aeriform  elements,  as  well 
as  others,  were  taken  into  the  account.  As  soon  as  this  was  done,  it 
produced  a  I'evolution  in  chemistry. 

[2Dd  Ed.]  [Though  the  view  of  the  mode  in  which  gaseous  ele- 
ments become  fixed  in  bodies  and  detei-mine  their  properties,  had  gi'eat 
additional  light  thrown  upon  it  by  Dr.  Black's  discoveries,  as  we  shall 
see,  the  notion  that  solid  bodies  involve  such  gaseous  elements  was 
not  new  at  that  period.  Mr.  Vernon  Harcourt  has  shown'  that  New- 
ton and  Boyle  admitted  into  their  speculations  aits  of  various  kinds, 
capable  of  fixation  in  bodies.  I  have,  in  the  succeeding  chapter  (chap, 
vi.),  spoken  of  the  views  of  Eey,  Hooke,  and  Mayow,  connected  with 
the  fiinction  of  airs  in  chemistry,  and  forming  a  prelude  to  the  Oxygen 
Theoiy.] 

Notwithstanding  these  preludes,  the  credit  of  the  first  great  step  in 
pneumatic  chemistry  is,  with  justice,  assigned  to  Dr.  Black,  afterwards 
professor  at  Edinbni^h,  but  a  young  man  of  the  ^e  of  twenty-four  at 
the  time  when  he  made  his  discovery,'  He  found  that  the  difference 
between  caustic  lime  and  common  limestone  arose  from  this,  that  the 
latter  substance  consists  of  the  former,  combined  with  a  certain  air, 
which,  being  thus  fixed  in  the  solid  body,  he  called  ^.w(7  air  (carbonic 
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acid  gas).  He  found,  Ij o  tint  mv'n^ia)  c'lnttn  l^tasli,  mi  Lanstn 
soda,  would  combine  with  tin,  Bamo  air,  with  similar  lesulta  Tlwa  dis 
coveiy  consisted,  of  cour-y  in  a  new  mterpietation  of  observed 
changes.  Alkalies  appearctl  to  be  mide  caustic  by  contact  with  qmok 
lime:  at  Stst  Black  imagined  that  they  nndenvent  this  change  by 
acquiring  igneous  mattei  from  the  quicUime ,  but  when  he  perceiVLd 
that  the  lime  gained,  not  lost,  m  magnitude  as  it  became  mild,  ho 
rightly  snpposed  that  the  alkahes  weie  rendeied  caustic  by  imparting 
their  air  to  the  lime.  This  discovery  was  announced  in  Black's  inau- 
gural dissertation,  pronounced  in  1'756,  on  the  occasion  of  his  taking 
his  degree  of  Doctor  in  the  Univei-sity  of  Edinburgh. 

The  chemistry  of  aira  was  pursued  by  other  expeniaentci's.  The 
Honorahle  Henry  Cavendish,  about  lV6o,  invented  an  apparatus,  in 
which  aerial  fluids  are  confined  by  water,  so  tliat  they  can  be  managed 
and  examined.  This  hydro-pneumatic  apparatus,  or  aa  it  is  sometimes 
called,  the  pneumatic  trouffh,  from  that  time  was  one  of  the  most 
indispensable  parte  of  the  chemist's  ipparatus  Cavendish  '  in  17fl8 
showed  the  identity  of  the  properties  of  fised  air  deiivel  from  various 
sources ;  and  pointed  ont  the  peculiar  qualities  of  ra/a  nmabli'  air 
(afterwards  called  hydrogen  gas)  which  I  en  g  nme  times  Iightei  than 
common  air,  soon  attracted  general  notici,  bj  its  emplojniLnt  for  rai^ 
ing  balloons.  The  promise  of  discoveii  which  tins  sul-ject  noi 
offered,  attracted  the  confident  and  huty  min  1  of  Piiestley  whose  J'a 
perimenis  and  Observations  on  different  kinds  of  Ai  appeared  m 
1744-79.  In  these  volumes,  he  descnhes  an  oxtraoidinary  numbei 
of  trials  of  varions  kinds;  the  results  of  which  were,  the  discoierj 
of  new  kinds  of  air,  namely,  phloguticated  air  (azotic  gi^)  nit)o  a 
air  (nitrons  gas),  and  dephlagisticated  an  {o\ygui  gis) 

But  the  discovery  of  new  substances,  though  laluable  in  supplymg 
chemistry  with  materials,  was  not  so  important  as  discoveries  respect- 
ing their  modes  of  composition.  Among  such  discoveries,  that  of 
Cavendish,  published  in  tlie  Fhilosophical  Transactions  for  1784,  and 
disclosing  the  composition  of  water  by  the  union  of  two  gases,  oxj'gon 
and  hydrogen,  must  he  considered  as  holding  a  most  distJnguished 
place.  He  states,*  that  his  "experiments  were  made  principally  with 
a  view  to  find  out  the  cause  of  the  diminution  which  common  air  is 
well  known  to  suffer,  by  all  the  various  ways  in  which  it  is  pld<^sti- 
cated."     And,  after  descnbing  various  nnsuccessful  attempts,  he  finds 

F/nl.  Trans.  17S4,  p.  MS. 
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that  when  inflammable  mr  ia  nseJ  in  this  phlogiatication  (or  burning), 
the  diminntion  of  the  common  air  is  accompanied  by  the  formation  of 
a  dew  in  the  apparatus.*  And  thus  he  infers'  that  "  almost  all  the 
inflammable  air,  and  one-fifth  of  the  common  air,  are  turned  into  pure 
water." 

Lavoisier,  to  whose  researches  this  result  was,  as  we  shall  soon  sec, 
very  important,  was  employed  in  a  similar  attempt  at  the  same  time 
(1783),  and  had  abeadj  succeeded,'  whea  he  learned  from  Dr.  Blagden, 
who  was  present  at  the  experiment,  that  Cavendish  had  made  the 
discovery  a  few  months  sooner.  Monge  tad,  about  the  same  time, 
made  the  same  experiments,  and  communicated  the  result  to  Lavoisier 
and  Laplace  immediately  afterwards.  The  synthesis  was  soon 
confirmed  by  a  corresponding  analysis.  Indeed  the  discovei7  undoubt- 
edly lay  in  the  direct  path  of  chemical  research  at  the  time.  It  was  of 
great  consequence  in  the  view  it  gave  of  experiments  in  composition; 
for  the  small  quantity  of  wat«r  produced  in  many  such  processes,  had 
been  quite  overlooked ;  though,  as  it  now  appeai-ed,  this  water  ofiered 
the  key  to  the  whole  interpretation  of  the  change. 

Though  some  objections  to  Mr.  Cavendish's  view  were  offered  by 
Kirwan,'  on  the  whole  they  were  generally  I'eceived  with  assent  and 
admiration.  But  the  bearing  of  these  diseoveri^  upon  the  new  theory 
of  Lavoisier,  who  rejected  phlt^ton,  was  so  close,  that  we  cannot  fur- 
ther trace  the  history  of  the  subject  without  proceeding  immediately 
to  that  theory. 

[Snd  Ed.]  [I  have  elsewhere  stated,' — with  reference  to  recent 
attempts  to  deprive  Cavendish  of  the  credit  of  his  discovery  of  the 
composition  of  water,  and  to  transfer  it  to  Watt, — that  Watt  not  only 
did  not  anticipate,  but  did  not  fiilly  appreciate  the  discoveiy  of  Caven- 
dish and  Lavoisier ;  and  I  have  expressed  my  concurrence  with  Mr. 
Vernon  Earcourt's  views,  when  he  says,"  that  "  Cavendish  pared  off 
from  the  current  hypotheses  their  theory  of  combustion,  and  then-  affi- 
nities of  imponderable  for  ponderable  matter,  as  complicating  chemical 
with  physical  considerations  ;  and  he  then  con-ected  and  adjusted  them 
with  admirable  skill  to  the  actual  phenomena,  not  binding  the  facta  to 
the  theory,  but  adapting  the  theoiy  to  the  iacts," 

I  conceive  that  the  discussion  which  the  subject  has  recently  received, 
has  left  no  doubt  on  the  mind  of  any  one  who  has  perused  the  docu- 

'PS.i/.?V«Bs.l784,p.]28.  =Ib.p.l29.  '^,  J".  1781, p.  472.  "P.  J!  1184,  p.  154. 
'  Philosophy,  h.  vi.  0.  4.  '°  Addreu  to  the  British  Associatioii,  1839. 
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meuts,  that  Cayendish  is  justly  entitM  to  the  honor  of  this  discoven', 
which  in.  his  own  time  ■was  ecvct  contested.  The  publication  of  his 
Journals  of  Experiments"  shows  that  he  succeeded  in  establishing  the 
point  in  question  in  July,  1781.  His  experiments  are  referred  to  Juan 
abstract  of  a  paper  of  Priestley's,  made  by  Dr.  Maty,  the  secretary  of 
the  Eoyal  Society,  in  June,  1783.  In  Juno,  1783,  also.  Dr.  Blagdeii 
communicated  tlie  result  of  Cavendish's  experiments  to  Lavoisier,  at 
Paris.  Watt's  letter,  containing  his  hypothesis  that  "  water  is  com- 
pcsed  of  dephlogistieated  air  and  phlogiston  deprived  of  part  of  theii' 
latent  or  elementary  heat;  and  that  phlogistacated  or  pure  air  is  com- 
posed of  water  deprived  of  its  phlogiston  and  united  to  elementary  heat 
and  light,"  was  not  read  till  Nov.  1 7  83  ;  and  even  if  it  could  have  sug- 
gested such  an  experiment  as  Cavendish's  (which  does  not  appear 
likely),  is  proved,  by  the  dates,  to  have  had  no  share  in  doing  so. 

Mr.  Cavendish's  experiment  was  suggested  by  an  experiment  in 
which  Warltire,  a  lecturer  on  chemistry  at  Birmingham,  exploded  a 
mixture  of  hydrogen  and  common  air  in  a  closo  vessel,  in  order  to 
determine  whether  heat  were  ponderable.] 


OIIAPTER  VL 
3  TiiBOnr  OF  Oxvgf;(i. 


Sect.  1.— Prelude  to  the  Thenrjj. — Its  PuUicaiwii. 

¥E  arrive  now  at  a  great  epoch  in  the  history  of  Chemistry.  Few 
revolutions  in  science  have  immediately  exeited  so  much  genera! 
nfe  th'tdfnfthth  j  f  oxygen.  The  simplicity 
and  jmm  t  y  f  the  n  !  f  mbu  at  n  which  it  assumed ;  and, 
abellthe  ntutnadn  ■salal  ption  of  a  nomenclature 
wh  h  apph  dtoall  bt=n  ad  hh  seemed  to  reveal  their 
mo  t  t  ti  t  by  th  n  m  at  ally  qave  it  an  almost  iri'csis- 
tble  sway  o        m  a  1       W     n     t,  however,  dispa^ionateiy 

trace  the  course  of  its  introduction. 


"  Appendia:  to  Mr.  V.  Eari^oiu't'e  Addrtss. 
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Antoiue  Laurtut  Lavoisier,  an  accomplislicd  Ficncli  clicniist,  had 
pursued,  with  zoal  and  skill,  reseai'elics  sircli  as  those  of  Black,  Gavon- 
dish,  and  Priestley,  whicL  wo  have  described  above.  In  1774,  lie 
showed  that,  in  the  caleination  of  metals  in  air,  the  metal  acquires  as 
much  weight  as  the  sir  loses.  It  might  appear  that  this  discovery  at 
ouce  overturned  the  view  which  supposed  the  metal  to  be  phlogiston 
added  to  the  cals.  Lavoisier's  contemporaries  were,  however,  iar  from 
allowing  this;  a  greater  mass  of  argument  was  needed  to  bring  tliem 
to  this  conclusion.  Convincing  proofe  of  the  new  opinion  were,  how- 
ever, rapidly  suppHod.  Thus,  when  Priestley  had  discovered  dephlo- 
giaticated  air,  in  l77i,  Lavoisier  showed,  in  1776,  tliat  fixed  air  con- 
sisted of  charcoal  and  the  dephlogisticated  or  pm'e  air;  for  the  meicii- 
rial  eak  which,  heated  by  itself  gives  out  pure  air,  gives  out,  when 
heated  with  charcoal,  fixed  air,'  which  has,  therefore,  since  been  called 
earhonie  acid  ffos. 

Again,  Lavoisier  showed  that  the  atmospheric  ail'  consists  of  pure  or 
vital  air,  ajid  of  an  unvital  air,  which  he  thence  called  azot.  The  vital 
air  he  found  to  bo  the  agent  in  combustion,  acidification,  calcination, 
respiration ;  all  of  these  processes  were  analogous  :  all  consisted  in  a 
decomposition  of  the  atmospheric  air,  and  a  fixation  of  the  pure  or 
vita!  portion  of  it. 

But  he  thus  ai-rived  at  the  concluwon,  that  this  pure  air  was  added, 
in  all  the  cases  in  which,  according  to  the  received  theory,  phlogiston 
was  subtracted,  and  vice  versL  Ho  gave  the  name'  of  oxygen,  (jyiincipe 
oxygene)  to  "  the  substance  which  thus  unites  itself  with  metals  to  form 
their  calces,  and  with  combustible  substances  to  fonn  acids," 

A  1  e  r  theo  y  as  tl  s  produced,  which  would  account  for  all  the 
facts  wh  ch  the  old  o  e  would  explain,  and  had  besides  the  evidence 
of  the  balance  m  ts  fivor.  But  there  still  remained  some  apparent 
ol:^eet  ons  to  be  en  o  ed.  In  the  action  of  dilate  acids  on  metals, 
inflamn  able  ar  vaa  produced.  Whence  came  this  element?  The 
discovery  of  the  do  o  po  ition  of  water  sufficiently  answered  this  ques- 
tion, and  couvertiid  the  objection  into  an  argument  on  the  side  of  the 
theory  :  and  thus  the  decomposition  of  water  was,  in  fact,  one  of  the 
most  critical  events  for  the  fortune  of  the  Lavoisierian  doctrine,  and 
one  which,  more  than  any  other,  decided  chemists  in  its  favor.  In 
succeeding  yeare,  Lavoisier  showed  the  consistency  of  his  theory  with 


'  Mem.  Ac.  Far.  ITFS,  =  Mem..  Ac.  Par.  ITSl,  p.  118. 
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all  that  was  discovered  concerning  tlie  composition  of  alcohol,  oil,  ani- 
mal and  vegetable  substances,  and  many  other  bodies. 

It  is  not  necessaiy  for  iis  to  consider  any  further  the  ovidence  for 
this  theory,  but  we  must  record  a  few  circomatances  respecting  its 
eai'lier  history.  Eey,  a  Fi-onch  physician,  had  in  1630,  published  a 
book,  in  which  he  inquires  into  the  grounds  of  the  increase  of  the 
weight  of  metals  by  calcination,'  He  says,  "  To  this  question,  then, 
supported  on  the  grounds  already  mentioned,  I  answer,  and  maintain 
with  confidence,  that  the  increase  of  weight  arises  from  the  air,  whlcli 
is  condensed,  rendered  heavy  and  adhesive,  by  the  heat  of  the  fiirnace." 
Hooke  and  Mayow  had  entertMned  the  opinion  that  the  air  contains 
a  "  nitrous  spirit,"  which  is  the  supporter  of  combustion.  But  Lavoi- 
sier disclaimed  the  chai^  of  having  derived  anything  from  these 
sources  ;  nor  is  it  difficult  to  understand  how  the  received  generali- 
zations of  the  phlo^stie  theory  had  thrown  al!  such  naiTower  explanar 
tions  into  obscurity,  Tlie  merit  of  Lavoisier  eonwsted  in  his  combin- 
ing the  generality  of  St-ahl  with  the  verified  eonjeetiires  of  Eey  and 

No  one  could  hive  a  better  claiisi,  by  his  eai-ly  ontJiusiasm  for 
science,  hi^  extensive  knowledge,  and  his  zealous  labors,  to  hope 
that  a  gieat  discovery  might  fall  to  his  sliai'e,  than  Lavoisier.  His 
ftther,'  a  man  ot  considerable  fortune,  had  allowed  him  to  make 
sucnce  his  only  piote^ion  ,  and  the  zealous  philosopher  collected 
about  hun  a  number  of  the  most  active  physical  inquirers  of  his  time, 
who  met  and  expenmentel  at  his  house  one  day  in  the  weefe.  In  this 
school,  the  new  cheraistij  was  gradually  formed,  A  few  years  after 
the  publication  of  Priestley's  first  experiments,  Lavoisier  was  struck 
with  the  presentiment  of  the  theory  which  he  was  afterwards  to  pro- 
duce. In  1772,  he  deposited'  with  the  secretary  of  the  Academy,  a 
note  which  contained  the  germ  of  his  future  doctrines.  "At  that 
time,"  he  says,  in  explaining  this  step,  "there  was  a  kind  of  rivalry 
between  France  and  England  in  science,  which  gave  importance  to 
new  experiments,  and  which  sometimes  was  the  cause  that  the  writere 
of  the  one  or  other  of  the  nations  disputed  the  discoveiy  with  the  rea! 
author."  In  1777,  the  editor  of  the  Memoira  of  the  Academy  speaks 
of  his  theory  as  overturning  that  of  Stahl ;  but  the  general  accep'tanco 
of  the  new  opinion  did  not  take  place  till  later. 


'  ThoiQson,  Eist  Chem.  ii.  85,  '  Biogr.  ITnio.  (Cuv 
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Sect.  2. — Reception  and  Conjii-maiion  of  the  Tiieovy  of  Oxifgen. 

The  Oijg  n  Th  y  n  ade  its  way  irith  oxtraoi'dinaiy  rapidity  among 
the  best  phil  wph  k  In  1785,  that  is,  soon  after  Cavendish's 
synthesis  f  t  had  moved  some  of  the  most  fonnidable  objections 
to  it,  B  tl  II  t  al  aly  an  eminent  chemist  declared  himself  a 
convert.    Ind     1  t  w  soon  generally  adopted  in  Fiance,  tliat  Four- 

ci'oy  promnlgated  its  doctrines  under  the  name  of  "  La  Chiniie  Fran- 
ijaise,"  a  title  which  Lavoisier  did  not  altogether  relish.  The  extra- 
ordinary eloquence  and  success  of  Fourcroy  as  a  lecturer  at  the 
Jardin  des  Plantes,  had  no  small  stare  in  the  difiusion  of  the  osygen 
theory;  and  the  name  of  "the  apostle  of  the  new  chemistry"  which 
was  at  first  given  him  in  ridicule,  was  justly  held  by  liiai  to  be  a  glo- 
rious distinction,' 

Guyton  de  Morveau,  who  had  at  first  been  a  strenuous  advocate  of 
the  phlogistic  theory,  was  invited  to  Paris,  and  breught  over  to  tlie 
opinions  of  Lavoisier ;  and  soon  joined  in  the  fo  m  t'  n  of  tl  n  en 
clature  founded  upon  the  theory.  This  step,  of  vl  ch  ve  shall  sh  tl^ 
speak,  fixed  tlio  new  doctrine,  and  diffused  t  f  rthe  Doh  nether  e 
alone  defended  the  pMogistic  theory  with  vi^o  and  leed  w  th  o- 
lence.  Ho  was  the  editor  of  the  Journal  d  Phj  jue  an  1  to  e  al 
the  influence  which  this  gave  him,  the  ant  phlog  t  ins'  tabl  he  1 
as  the  vehicle  of  their  opinions,  another  p  r  o  i  cal  the  innahs  de 
Chimie. 

In  England,  indeed,  their  success  was  not  so  nmedjate  Cavend  sh 
in  bis  Memoir  of  1784,  speaks  of  the  quest  on  bet  een  the  t  o 
opinions  a&  doubtful.  "  There  are,"  he  says,  aovc  al  M  n  o  of 
M.  Lavoisier,  in  which  he  entirely  discards  phlog  ton  and  as  not 
only  the  foregoing  experiments,  but  most  other  phenomena  of  nature, 
seem  explicable  as  well,  or  nearly  as  well,  upon  this  as  upon  the  com- 
monly believed  principle  of  phlogiston,"  Cavendish  proceeds  to 
explain  his  experiments  according  to  the  new  views,  expressing  no 
decided  preference,  however,  for  either  system.  But  Kirwan,  another 
English  chemist,  contested  the  point  much  more  resolutely.  His 
theory  identified  inilammable  air,  or  hydrogen,  with  phlogiston ;  and 
in  this  view,  he  wrote  a  work  which  was  intended  as  a  confutation  of 


'  Cuviei-,  Elojies,  i.  p.  20. 
•  Phil.  Trans.  1784,^.150. 
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the  essential  part  of  the  ox^^fii  tlitoi)  It  js  a  stioni,  piojf  ff 
the  steadiness  and  clearness  Tiith  ivhich  the  advotafes  of  the  nc« 
system  possessed  their  principles,  that  they  immediately  translated 
this  work,  a<lding,  at  the  end  of  eai,h  chapter,  a  refutation  of  the 
phlogistic  doctrines  which  it  contained  Lavoisier,  BcitliollLt,  De 
Morveau,  Fonrcroy,  and  Monge,  were  the  authors  of  this  curious 
specimen  of  scientific  polemics.  It  is  also  remai'kable  evidence  of  the 
candor  of  Kirwan,  that  notwithstanding  the  prominent  part  ho  had 
talren  in  the  controversy,  he  allowed  himself  at  last  to  be  convinced. 
After  a  struggle  of  ten  years,  he  wrote"  to  Berthollet  in  1196,  "  I 
lay  down  my  arms,  and  abandon  the  cause  of  phlogiston."  Black 
followed  the  same  course.  Priestley  alone,  of  all  the  chemists  of 
great  name,  would  never  assent  to  the  new  doctrines,  though  his  own 
discoveries  had  contributed  so  much  to  their  ^tabliahment.  "He 
saw,"  says  Cuvier,"  "  without  flinching,  the  most  skiHul  defenders  of 
the  ancient  theory  go  over  to  the  enemy  in  succession ;  and  when 
Kirwan  had,  almost  the  last  of  all,  abjured  phlogiston,  Priestley  re- 
mtuned  alone  on  the  field  of  battle,  and  threw  out  a  new  challenge,  in 
a  memoir  addressed  to  tlie  principal  French  chemists,"  It  happened, 
curiously  enough,  that  the  challenge  was  accepted,  and  the  arguments 
answered  by  M,  Adet,  who  was  at  that  time  (1'798,)  the  French  am- 
bassador to  the  United  States,  in  which  country  Priestley's  work  was 
published.  Even  in  Germany,  the  birth-place  and  home  of  the  phlo- 
gistic theoiy,  the  struggle  was  not  long  protracted.  There  was, 
indeed,  a  controversy,  the  older  philosophers  being,  as  usual,  the 
defenders  of  the  established  doctrines ;  but  in  1702,  Klaproth  repeated, 
before  the  Academy  of  Berlin,  all  the  fimdamental  experiments ;  and 
"  the  result  was  a  full  conviction  on  the  part  of  Elaproth  and  the 
Academy,  that  the  Lavoisierian  theory  was  the  true  one."  "  Upon 
the  whole,  the  introduction  of  the  Lavoisierian  theory  in  the  scientific 
world,  when  compai'ed  with  the  great  revolution  of  opinion  to  which 
it  comes  nearest  in  importance,  the  introduction  of  the  Newtonian 
theory,  shows,  by  the  rapidity  and  temper  with  which  it  took  place,  a 
great  improvement,  both  in  the  means  of  arriving  at  truth,  and  in  the 
spirit  with  which  they  were  used. 

Some  English  writere"  have  expressed  an  opinion  that  tiioro  was 


"■  Pre£  to  Fouroroy'a  Ckcmutry,  slv.     "  Cuvier,  Elogs  de  PrifSttey,  p.  208. 

"  Thomson,  vol.  ii,  p.  136. 

"  Brande,  Eist  Diss,  ia  jE'nc.  JSrit.  p.  183.    Lnnn,  CTEm,.in  J^nc.  Mel.  p.  5^6. 
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little  tliatnas  original  iii  tliii  new  doctrines.  But  if  tlicy  were  so 
obvious,  what  are  we  to  say  of  eminent  chemiata,  as  Blaek  and  Caven- 
dish, who  hesitated  when  they  were  presented,  or  Kirwan  and  Priestley, 
who  rejected  theai !  This  at  least  shows  that  it  required  some  pecu- 
liar insight  to  see  the  evidence  of  these  truths.  To  say  that  most  of 
the  materials  of  Lavoisier's  theory  existed  hefore  him,  is  only  to  say 
that  his  great  merit  was,  that  which  must  always  he  the  gi'eat  merit  of 
a  new  theory,  his  genei-alization.  The  effect  which  the  publication  of 
his  doctrines  produced,  shows  uathtliw  thfitp  n  who, 
possessing  clearly  the  idea  of  qifantitat  j      t         j  pi   d  t  stead- 

ily to  a  great  range  of  well-ascertained  fact  This  s,  as  he  often 
had  to  observe,  precisely  the  universal  d  pt  f  an  d  t  ve  dis- 
coverer. It  has  been  objected,  in  liL  m  n  t  th  ng  lity  of 
Newton's  discoveries,  that  they  wci  t      ul       tl  f  Kepler. 

They  were  so,  but  they  needed  a  N     t      t    fi  d  th       th  The 

originality  of  the  theory  of  oxygen  p  1  by  th  nfii  t  hort  as 
it  was,  which  accompanied  its  piomulj,  t  ,  t  mipo  ta  e  shown 
by  the  changes  which  it  soon  occasioned  in  every  part  of  the  science. 
Thus  Lavoisier,  far  more  fortunate  than  most  of  those  who  had,  in 
eai'Iier  ages,  produced  revolutions  in  science,  saw  his  theory  accepted 
by  all  the  most  eminent  men  of  bis  lime,  and  established  over  a  great 
part  of  Europe  within  a  few  years  from  its  first  promulgation.  In  the 
common  course  of  events,  it  might  have  been  espefctcd  that  the  later 
years  of  his  life  would  have  been  spent  amid  the  admiration  and  reve- 
rence which  naturally  wmt  upon  the  patriarch  of  a  now  system  of  ac- 
knowledged truths.  But  the  times  in  which  he  lived  allowed  uo  such 
euthanasia  to  eminence  of  any  kind.  TIio  democracy  which  overthrew 
the  ancient  political  institutions  of  France,  and  swept  away  the  nobles 
of  the  land,  was  not,  as  might  have  been  expected,  enthusiastic  in  its 
admiration  of  a  great  revolution  in  science,  and  forward  to  offer  its 
homage  to  the  genuine  nobility  of  a  great  discoverer.  Lavoisier  was 
thrown  into  prison  on  some  wretched  charge  of  having,  in  the  dis- 
charge of  a  public  office  which  he  had  held,  adulterated  certain  tobac- 
co ;  but  in  reality,  for  tlie  purpose  of  confiscating  his  property."  la 
liis  imprisonment,  his  philosophy  was  his  resource;  and  he  employed 
himself  in  the  preparation  of  his  papers  for  printing.  When  he  was 
brought  before  the  revolutionary  tribnnal,  he  begged  for  a  respite  of  a 
few  days,  in  oi-dcr  to  complete  some  researches,  the  results  of  which 

"  £ioff.  Wniv  (Cuvier.) 


d  by  Google 


ErOCH  OF  THE  THEORY  OF  OXYGEN.  281 

were,  iio  said,  important  to  the  good  of  humanity.  The  brutish  idiot, 
whom  the  state  of  the  conntry  at  tliat  time  had  placed  in  the  jndg- 
ment-seat,  told  him  that  the  repnblic  wanted  no  sgavans.  He  was 
dragged  to  the  gnillotine,  May  the  8th,  1794,  and  beheaded,  m  the 
fifty-second  year  of  his  age;  a  molancholy  proof  that,  in.  periods  of 
political  ferocity,  innocence  and  merit,  private  virtues  and  public  servi- 
ces, amiable  manners  and  tho  love  of  friends,  literary  feme  and  exalted 
genins,  are  all  as  nothing  to  protect  their  possessor  from  the  last 
extremes  of  violence  and  wrong,  inflicted  under  judicial  forms. 

Seet,  S. — J'ToinencIature  of  l?ie  Oxygen  Theory. 

As  we  liave  already  said,  a  powerful  instrument  in  establishing  and 
diffusing  the  new  chemical  theory,  was  a  Systematic  Nomenclatui-e 
founded  upon  it,  and  applicable  to  all  chemical  compountls,  wiieli 
was  soon  constructed  and  published  by  the  authora  of  the  theory. 
Sucb  a  nomenclature  made  its  way  into  general  us,e  the  more  easily, 
in  that  the  want  of  such  a  system  had  already  been  severely  felt ; 
the  names  in  common  use  being  fantastical,  arbitrary,  and  multiplied 
beyond  measure.  The  number  of  known  substances  had  become  so 
great,  that  a  list  of  names  with  no  regulative  principle,  founded  on 
accident,  caprice,  and  error,  was  too  cumbrous  and  inconvenient  to 
be  tolerated.  Even  before  the  cmTency  iihich  Lavoisier's  theory 
obtained,  these  evils  had  led  to  attem^  t  t  w  d  a  more  convenient 
set  of  names,  Bergman  and  Black  hi  n  t  u  t  I  snch  lists;  and 
Guyton  do  Moi-veau,  a  clever  and  ace  n^l  h  d  1  y  r  of  Dijon,  had 
formed  a  system  of  nomenclature  in  1782  bef  he  had  become  a 
convert  to  Lavoisier's  theoiy,  in  which  ta  k  h  had  be  n  exhorted  and 
encouraged  by  Bet^nian  and  Macqu  In  th  j  t  m,".we  do  not 
find  most  of  the  charactei's  of  the  method  which  was  afterwards 
adopted.  But  a  few  yeai's  later,  Lavoisier,  De  Morveau,  Berthollet 
and  Fourcroy,  associated  themselves  for  the  purpose  of  producing  a 
nomenclature  which  should  correspond  to  the  new  theoretical  views. 
This  appeared  in  178T,  and  soon  made  its  way  into  general  use.  The 
mmn  features  of  this  system  arc,  a  selection  of  the  simplest  radical 
words,  by  which  substances  are  designated,  and  a  systematic  distribu- 
tion of  terminations,  to  express  their  relations.  Thus,  sulphur,  com- 
bined with  oxygen  in  two  different  proportions,  forms  two  acids,  the 

"  Journal  de  Fkynqwe,  1782,  p.  370. 
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siilpliurous  and  tlie  Bulphuiv'i; ;  and  tliese  acids  form,  witli  earthy  or 
alkaline  bases,  sulpkifes  and  salphafes;  while  sulphur  directly  com- 
bined with  another  clement,  forms  a  sulph«w(.  The  teim  oxyd  (noiv 
nsually  written  oxide)  expressed  a  lower  degree  of  combination  with 
oxygen  than  the  acids.  The  Methode  de  Nomenclature  Chimique  was 
published  in  1T87;  and  in  1789,  Lavoisier  published  a  treatise  on 
chemistry  in  order  further  to  osplain  this  method  In  the  preface  to 
this  volume,  he  apologizes  for  the  gicit  amount  of  the  changes,  and 
pleads  the  authority  of  Beigman,  nho  htd  eihorted  De  Morvean  "to 
spare  no  improper  names;  thise  who  aie  learned  will  always  be 
learned,  and  those  who  are  ignorant  will  thus  leain  sooner."  To  this 
maxim  they  so  far  conformed,  thit  their  sj  stem  offers  few  anomalies ; 
and  though  the  progress  of  discovcij,  and  the  consequest  changxis  of 
theoretical  opinion,  which  ha^  e  smce  j,one  ob,  -ippear  now  to  require 
a  further  change  of  nomenclature,  it  is  no  sm-tll  e\  idence  of  the  skill 
with  which  this  scheme  was  aiianged,  that  for  half  a  century  it  was 
universally  used,  and  felt  to  be  tir  moie  useful  an  1  cfl  active  than  any 
nomenclature  in  any  science  h'id  ner  been  heiiic 


CHAPTER  VII. 
Application  and  Coerbotios  of  the  Oxygen  Theoey. 

SINCE  3  cliemical  theory,  as  far  as  it  is  true,  must  enable  us  to 
obtain  a  true  view  of  the  intimate  composition  of  all  bodies  what- 
ever, it  will  readily  be  suppc«ed  that  the  new  chemistry  led  to  an 
immense  number  of  analyses  and  researches  of  various  kinds.  These 
it  is  not  necessaiy  to  dwelt  upon ;  nor  will  I  even  mention  the  names 
of  any  of  the  intelligent  and  diligent  men  who  hare  labored  in  this 
field.  Perhaps  one  of  the  most  striking  of  such  analyses  was  Davy's 
decomposition  of  the  earths  and  alkalies  into  metallic  bases  and  oxy- 
gen, in  1807  and  1808;  thus  extending  still  further  that  analogy 
between  the  earths  and  the  calces  of  the  metals,  which  had  had  so  large 
a  share  in  the  formation  of  chemical  theories.  This  discovery,  how- 
ever, both  in  the  means  by  which  it  was  made,  and  in  the  views  to 
which  it  led,  bears  upon  subjects  hereafter  to  be  treated  of. 

The  Lavoisierian  theory  also,  wide  as  was  the  range  of  truth  which 
it  embraced,  required  some  limitation  and  correction.     I  do  not  now 
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speak  of  &omo  erroneous  opinions  entj'rtained  by  tlie  authur  of  tbc 
theory ;  aa,  for  instance,  that  the  heat  produced  in  combustion,  and 
even  in.  respiration,  arose  from  the  conversion  of  oxygen  gas  to  a  solid 
coDMstence,  according  to  the  doctiiue  of  latent  heat.  Such  opinions 
not  being  necessarily  connected  with  the  general  idea  of  the  theoiy, 
need  not  hero  bo  considered.  But  the  loading  gsneralization  of  La- 
\oisiei-,  that  acidification  was  always  combination  with  oxygen,  was 
found  untenable.  The  point  on  which  the  contest  on  this  sutject 
took  place  was  the  constitutioa  of  the  oxymnriatic  and  muriatic 
acids  ;— as  they  had  been  termed  by  EerthoUef,  from  the  belief  that 
muriatic  acid  contained  oxygen,  and  oxymuriatic  a  still  lai'ger  dose  of 
oxygen.  In  oppos  t  n  t  th  s,  a  new  doctrine  was  put  forward  in 
1809  by  Gay-Lussa  nd  Tl  d  in  France,  and  by  Davy  in  Eng- 
land ; — namely,  that  mu  at  ad  was  s  simple  substance,  which 
they  tei-med  ehlor  le  and  that  muriatic  acid  was  a  combination  of 
chlorine  with  hydr  n,  h  h  th  efore  was  called  Tiydrochlorie  add. 
It  may  be  observed  that  tl  p  t  in  ditpute  in  the  controversy  on 
this  subject  was  nea  ly  th  an  which  had  been  debated  in  the 
course  of  the  establ  h  n  t  of  th  oxygen  theoiy ;  namely,  whether 
in  the  formation  of  n  at  d  f  m  chlorine,  oxygen  is  subtracted, 
or  hydrogen  added,  and  the  water  concealed. 

In  the  course  of  this  dispute,  it  was  allowed  on  both  sides,  that  the 
combination  of  dry  muriatic  acid  and  ammonia  afforded  an  experimen- 
tum  cruds  ;  since,  if  water  was  produced  fi'om  these  elements,  oxygen 
must  have  existed  in  the  acid.  Davy  being  at  Edinburgh  in  1812, 
tliis  experiment  was  made  in  the  presence  of  several  eminent  philoso- 
phers ;  and  the  result  was  found  to  be,  that  though  a  slight  dew 
appeared  in  the  vessel,  there  was  not  more  than  might  be  ascribed  to 
unavoidable  imperfection  in  the  process,  and  certainly  not  so  much  as 
the  old  theory  of  muriatic  acid  required.  The  new  theory,  after  this 
period,  obtained  a  clear  superiority  in  the  minds  of  philireophical  che- 
mists, and  was  further  supported  by  new  analogies.' 

For,  the  existence  of  one  hydracid  being  thus  established,  it  was 
found  that  other  substances  gave  similar  combinations ;  and  thus  che- 
mists obtained  the  hydriodic,  hydrofluoric,  and  hydrobromic  acids. 
These  acids,  it  is  to  be  observed,  form  salts  with  bases,  in  the  same 
manner  as  the  oxygen  acids  do.  The  anal<^  of  the  miiriatie  and 
fluoric  compounds  was  first  clearly  ui^ed  by  a  philosopher"  who  was 

•  Paris,  i,/.o/Da«y,i.SS7. 
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not  peculiaily  engaged  m  chemiLil  rescaiLL  but  who  was  often  dis- 
tinguished by  his  rapid  and  happy  generalizations,  M  Ampeic.  He 
supported  this  analogy  by  many  ingenious  and  original  arguments,  in 
letters  ivnttpn  to  Davy,  while  that  chemist  was  enf,-aged  in  liis  re- 
searches oa  fluor  spat,  as  Davy  hmiaelf  declaies ' 

Still  fuitliei  changes  have  betn  piopoaed,  m  tliat  clafesifacition  tt 
elementary  subitacccs  to  which  the  oxygen  theory  led  It  has  Klii 
held  by  Berzelras  and  others,  that  other  eltmonts,  as,  toi  cxaniplL 
sulphur,  form  salts  with  the  altalme  an  I  eirthy  metala,  rather  than 
sulphnrets  The  chaiactcr  of  these  tulpho-salU,  hont-ver,  is  still  qnes, 
tioned  among  chemists ,  and  tiiorcfoit,  it  does  not  become  as  to  speak 
aa  if  their  place  m  hi&toiy  iieio  lettltd  Of  coui-se,  it  will  easily  be 
understood  that,  m  the  same  maimer  m  whicli  the  oxygen  theoi-y  in- 
troduced its  own  propel'  nomenclature,  the  overthrow  or  material  trans- 
formation of  the  theory  would  require  a  change  in  the  nomenclature ', 
or  rather,  the  anomalios  which  tended  to  disturb  the  theory,  would,  as 
they  were  detected,  make  the  theoretical  terms  bo  feltMinappropriate, 
and  wotild  surest  the  necessity  of  a  reformation  in  that  respect.  But 
the  disctiEsion  of  this  point  belongs  to  a  step  of  the  science  which  is 
to  come  before  ns  hereafter. 

It  may  be  observed,  that  in  approaching  the  limits  of  this  part  of 
our  subject,  aa  we  are  now  doing,  the  doctrine  of  the  combination  of 
acids  and  bases,  of  which  we  formerly  ti'aced  the  rise  and  progress, 
is  atUl  assumed  as  a  fundamental  relation  by  which  other  relations  are 
tested.  This  rcmai'k  connecfe  the  stage  of  chemistry  now  under  our 
notice  with  its  earliest  steps.  But  in  order  to  point  out  tie  chemical 
bearing  of  the  next  subjects  of  our  narrative,  wo  may  ftirther  ( 
that  metals,  earlJis,  salts,  are  spoken  of  as  known  classes  ol 
and  in  like  manner  the  newly-discovered  elements,  which  form  the  last 
trophies  of  chemistry,  have  been  distributed  into  such  classes  accord- 
ing to  their  analogies;  thus  potassium,  sodiuTti,  barium,  have  been 
asserted  to  be  metals;  iodine,  bromine, fium'i7te,'ha.\Q 'Uqiqm  ari'anged 
as  analogical  to  chlorim.  Yet  there  is  something  vagne  and  indeiinitc 
in  the  boundaries  of  such  claEsifications  and  analogies ;  and  it  is  pre- 
cisely where  this  vagueness  falls,  that  the  science  is  still  obscure  or 
doubtful.  We  are  led,  therefore,  to  see  the  dependence  of  Chemistry 
upon  Classification ;  and  it  is  to  Sciences  of  Classification  which  we 
shall  nest  proceed  ;  as  soon  as  we  have  noticed  the  most  general  views 

'  Paris,  Life  of  Davy,  i.  870. 
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which  have  been  given  of  chemical  relations,  namely,  the  views  of  the 
electro-chemists. 

But  before  we  do  tliis,  we  must  look  back  upon  a  law  which  ob- 
tains ia  the  combination  of  elements,  and  which  we  have  hitherto  not 
stated  ;  although  it  appears,  more  than  any  other,  to  reveal  to  us  the 
intimate  constitution  of  bodies,  and  to  offer  a  ba^s  for  future  generali- 
Kationa.  I  speak  of  tie  Atomic  Theory,  as  it  is  usually  tomicd  ;  or,  as 
we  might  rather  call  it,  the  Doctrine  of  Definite,  Eci;iproca],  and 
Multiple  Proportions. 


CHAPTER  VIII. 
Theoby  or  Definite,  Hki 


—Frehide  to  /he  Atomic  Thcoiy,  and  its  TiihUeation  hij 
Dal  ton. 


TIIE  general  laws  of  chemical  combination  announced  by  Mr.  Dalton 
are  truths  of  the  highest  importance  in  the  science,  and  are  now 
nowhere  contested;  but  the  view  of  matter  as  constituted  of  atoms, 
which  he  has  employed  in  conveying  those  laws,  and  in.  expre^ing  his 
opinion  of  their  cause,  is  neither  bo  important  nor  so  certain.  In  the 
plaee  which  I  here  assign  to  Lis  discoverj-,  as  one  of  the  great  events 
of  the  histoiy  of  chemistry,  I  speak  only  of  the  law  of  phenomena, 
the  rules  which  govern  the  quantities  in  which  elements  combine. 

This  law  may  be  considered  as  consisting  of  three  parts,  according 
to  the  above  description  of  it ; — that  elements  combine  ia  definite 
proportions ; — that  these  determining  proportions  operate  reciprocalli/  ; 
— and  that  when,  between  tlie  same  elements,  several  combining  pro- 
portions occur,  they  are  related  as  multiples. 

That  elements  combine  in  ceitain  definite  proportious  of  quantity, 
and  in  no  other,  was  implied,  as  soon  as  it  was  supposed  that  chemical 
compounds  had  any  definite  properties.  Those  who  first  attempted  to 
establish  regular  fonnulm'  for  the  constitution  of  salts,  minerals,  and 


'  Thomson,  Hut,  Ohem.  voL  ii  p.  279. 


rdb,  Google 


286  HISTORY   OP    CHE"\[I'*TEY 

other  compouiids,  assumed,  as  the  basis  if  this  jjiuccss,  that  the  elo- 
menta  in  different  specimens  hat!  the  "ame  proportioD.  Weiizel,  ia 
17T7,  published  his  Lehre  von  der  Vei  wandichafl  dfr  KSrper  j  or, 
Doctrine  of  tlie  Affinities  of  Bodies ;  in  \ihich  he  ga\o  many  good  and 
accurate  analyses.  His  work,  it  is  Raid,  never  grow  into  general 
notice.  Bertiollet,  as  we  have  already  stated,  maintained  that  chemi- 
cal compounds  were  not  definite  ;  but  this  controvei^y  took  place  at  a 
later  period.  It  ended  in  the  establishment  of  the  doctrine,  that  there 
is,  for  each  combination,  only  one  proportion  of  tlie  elements,  or  at 
most  only  two  or  three. 

Not  only  did  Wenzel,  by  his  very  attempt,  presume  the  first  law  of 
chemical  composition,  the  definiteness  of  the  proportions,  but  he  was 
also  led,  hy  his  results,  to  the  second  rule,  that  they  are  reciprocal. 
For  he  found  that  when  two  neutral  salts  decompose  eacli  other,  the 
TKulting  salts  are  also  neutral.  The  neutral  character  of  tJie  salts 
shows  that  they  are  definite  compounds ;  and  when  the  two  elements 
of  the  one  salt,  P  and  «,  are  presented  to  those  of  the  other,  B  and  n, 
if  P  bo  in  such  quantity  as  to  combine  definitely  with  n,  B  will  also 
combine  definitely  with  s.' 

Views  similar  to  those  of  "Wenzel  were  also  published  by  Jeremiah 
Benjamin  Eichter'  in  \1^2,  in  Lis  Anfangsffmnde  der  SiSchyometrie, 
odm-  Messkunst  Chymischer  Memente,  (^Principles  of  the  Measure  of 
Oliemical  Mements,)  in  which  he  took  the  law,  just  stated,  of  recipro- 
cal proportions,  as  the  basis  of  his  researches,  and  determined  the 
numerical  quantities  of  the  common  bases  and  acids  which  would 
saturate  each  other.  It  is  clear  that,  by  these  steps,  tlie  two  first  of 
our  three  rules  may  be  considered  as  fully  developed.  The  change  of 
general  views  which  was  at  this  time  going  on,  probably  prevented 
chemists  from  feeling  so  much  interest  as  they  might  have  done  other- 
wise, in  these  details  ;  the  French  and  English  chemists,  ia  particular, 
were  fully  employed  with  their  own  researches  and  conti'oversies. 

Thus  the  rules  which  had  already  been  published  by  Wenzel  and 
Richter  had  attraeted  so  little  notice,  that  we  can  hardly  consider  Mr, 
Dalton  as  having  been  anticipated  by  those  writers,  when,  in  1803,  he 
began  to  communicate  his  views  on  the  chemical  constitution  of 


'  I  am  told  that  Wenzel  (wliose  book  I  have  not  seen),  though  be  ftdduoes 
Bftny  cnaaa  in  wMeti  double  decomposition  gives  ueuti'al  salts,  does  not  espreas 
the  propoaiticFii  in  a  genera!  form,  nor  use  letters  in  expressiiig  it. 

'  Thomson,  Hisl.  Ohem.  vol.  ij.  p.  288, 
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bodies ;  tteso  liewa  being  such  as  to  includo  botJi  tliese  two  rules  m 
their  most  general  form,  and  further,  the  rule,  at  that  time  still  more 
new  to  chemists,  of  multiple  proportions.  He  conceived  bodies  as 
composed  of  atoms  of  their  constitnent  elements,  grouped,  either  one 
and  one,  or  one  and  two,  or  one  and  three,  and  so  on.  Thus,  if  0 
represent  an  atom  of  carbon  and  0  one  of  oxygen,  0  0  will  bo  an 
atom  of  carhonic  oxide,  and  0  C  0  oji  atom  of  carbonic  acid ;  and 
hence  it  follows,  that  while  both  these  bodies  have  a  definite  quantity 
of  oxygen  to  a  given  quantity  of  carbon,  in  tlie  latter  substance  this 
quantity  is  double  of  what  it  is  in  the  former. 

The  conaderation  of  bodies  as  consisting  of  compound  atoms,  each 
of  these  being  composed  of  elementary  atoms,  naturally  led  to  tliis  law 
of  multiple  proportions.  In  this  mode  of  viewing  bodies,  Mr.  Dalton 
had  been  preceded  (unknown  to  himself)  by  Jlr.Higgins,  who,  in  1789, 
published'  his  Comparative  View  of  the  Phlogistic  and  Antiphlogistic 
Theories,  Ho  there  saya,' "  That  in  volatile  vitriolic  add,  a  single  ulti- 
mate particle  of  sulphur  is  united  only  to  a  single  particle  of  deplilo- 
gisticated  air ;  and  that  in  perfect  vitriolic  acid,  every  single  particle 
of  sulphur  is  nnited  to  two  of  dephlogisticated  air,  being  the  quantity 
necessary  to  saturation ;"  and  he  reasons  in  the  same  manner  concern- 
ing the  constitution  of  water,  and  the  compounds  of  nitrogen  and 
oxygen.  Tiiese  observations  of  Hi^ns  were,  however,  made  casually, 
and  not  followed  out,  and  cannot  aifect  Dalton's  claim  to  original  merit. 

Mr.  Dalton's  generalization  was  first  suggested'  dnring  his  examina- 
tion of  oleflant  gas  and  carhurettod  hydrogen  gas ;  and  was  asserted 
generally,  on  the  strength  of  a  few  &cts,  being,  as  it  were,  irresistibly 
recommended  by  the  clearness  and  simplicity  which  the  notion  pos- 
sessed. Mr.  Dalton  himself  represented  the  compound  atoms  of  bodies 
by  symbols,  which  professed  to  exhibit  the  arrangement  of  the  ele- 
mentary atoms  in  space  as  well  as  their  numerical  proportion ;  and  he 
attached  great  importance  to  this  part  of  his  scheme.  It  is  clear,  how- 
ever, that  this  part  of  his  doctrine  is  not  essential  to  that  nnmerical 
comparison  of  the  law  with  facts,  on  which  its  establishment  rests. 
These  hypothetical  configurations  of  atoms  ha%'e  no  value  till  they  are 
confirmed  by  cori'esponding  feicts,  such  as  the  optical  or  crystalline 
properties  of  bodies  may  perhaps  one  day  furnish. 


'  Turner's  Chem.  p.  217. 
'  Thomson,  vol.  ii.  p.  291. 
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Seel.  3. — Reception  and   Confirmation  of  the  Atomic   Theory. 

In  order  to  give  a  sketeli  of  the  progress  of  the  Atomic  ITieoiy  iuto 
general  reception,  we  cannot  do  better  than  borrow  our  information 
mainly  from  Dr.  Thomson,  who  was  one  of  the  earliest  converts  and 
most  effective  promnlgatore  of  the  doctrine.  Mr,  Dalton,  at  tlie  time 
when  he  conceived  his  theory,  was  a  teacher  of  mathematics  at  Man- 
chester, in  circumstances  which  might  have  been  considered  nan'ow, 
if  he  himself  had  been  less  simple  in  his  manner  of  life,  and  less 
moderate  in  his  worldly  views.  Hie  experiments  were  generally  made 
with  apparatus  of  which  the  simplicity  and  cheapness  con-esponded  to 
the  rest  of  his  liabits.  In  1804,  he  was  already  in  pMsession  of  his 
atomic  theory,  and  explained  it  to  Dr.  Thomson,  who  visited  him  at 
that  time.  It  was  made  known  to  the  chemical  world  in  Di'.  Tliom- 
son's  Vliemistry,  in  1807  ;  and  in  Dalton's  own  System  of  Chemistry 
(1808)  the  leading  ideas  of  it  wore  very  briefly  stated.  Di\  Wollas- 
ton's  memoir,  "  on  superacid  and  subacid  salts,"  wMch  appeared  in  the 
Philosophical  Transaeiiona  for  1808,  did  much  to  secnre  this  theory 
a  place  in  the  estimation  of  chemists.  Here  the  author  states,  that 
he  had  observed,  in  various  salts,  the  quantities  of  acid  combined  with 
the  base  in  the  neutral  and  in  the  superacid  salts  to  be  as  one  to  two ; 
and  he  says  that,  thinking  it  likely  this  law  might  obtain  generally  in 
such  compounds,  it  was  his  design  to  have  pursued  this  subject,  with 
the  hope  of  discovering  the  cause  to  which  so  regular  a  relation  may 
be  ascribed.  But  he  adds,  that  this  appeal's  to  be  supoi'flnous  after  the 
publication  of  Dalton's  theory  by  Dr.  Thomson,  since  all  such  fects  are 
but  special  cases  of  the  general  law.  We  cannot  but  ivsmart  here,  that 
the  scrupulous  timidity  of  WolJaston  was  probably  the  only  impedi- 
ment to  his  anticipating  Dalton  in  the  publication  of  the  rule  of  mnl- 
tiplo  proportions ;  and  the  forwardness  to  generalize,  which  belongs  to 
the  character  of  the  latter,  justly  secured  hiia,  in  this  instance,  tlie 
name  of  the  discoverer  of  this  law.  The  rest  of  the  English  chemists 
soon  followed  WoUaston  and  Thomson,  tliongh  Davy  for  some  time 
resisted.  They  objected,  indeed,  to  Dalton's  assumption  of  atoms,  and, 
to  avoid  this  hypothetical  step,  Wollaston  used  the  phrase  chemical 
equivalents,  and  Davy  the  word  proportions,  for  the  numbers  which 
expressed  Dalton's  atomic  weights.  We  may,  however,  venture  to  say 
that  the  term  "  atom"  is  the  most  convenient,  and  it  need  not  be  under- 
stood as  claiming  our  assent  to  the  hypotliesis  of  indivisible  molecules. 
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A3  WoUaston  and  Dalton  were  thus  arriving  indepcEdently  at  the 
same  result  in  England,  other  chemists,  in  otlier  countries,  were,  nn- 
tnown  to  each  other,  travelling  towirds  the  s'lme  point. 

In  1807,  Berzelius,'  intend   g  t    p  H  h  ttm  of  chemistry, 

went  through  several  works  littl        d  a  d    m  tit  -s  the  treatises 

of  Eichter,  He  was  astonished  h  tell  is  at  th  1  ght  which  was 
there  thrown  upon  compositi  and  1  mpo  t  n  a  d  which  had 
never  been  turned  to  profit  E  w  1  d  t  1  ru,  trmn  of  experi- 
mental research,  and,  when  h  d  f  m  t  f  Dalton's  ideas 
concerning  multiple  proportio  %  h  1  1  n  h  collection  of 
analyses,  a  full  confirmation  ot  th    tli      j 

Some  of  the  Germans,  inde  1  ppe  d  te  t  d  with  tlie  parti- 
tion of  reputation  which  has  tak  n  pla  w  th  p  t  to  the  Theoty 
of  Definite  Proportions.  One  f  th  n  ^  s,  D  Iton  has  only  done 
this ; — he  has  wrapt  up  the  good  Eichtei  (whom  he  knew ;  compare 
Sehweigger,  T,  older  series,  vol.  x.,  p.  3S1 ;)  in  a  ragged  suit^  patched 
together  of  atoms ;  and  now  poor  Eichter  cornea  baek  to  his  own 
country  in  such  a  garb,  like  Ulysses,  and  is  not  recognized."  It  is  to 
be  recollected,  however,  that  Eichter  says  nothing  of  multiple  pro- 
portions. 

The  general  doctrine  of  the  atomic  theory  is  now  firmly  established 
over  the  whole  of  the  chemical  world.  There  remain  still  several 
controverted  points,  as,  for  instance,  whether  the  atomic  weights  of 
ail  elements  are  exact  multiples  of  the  atomic  weight  of  hydrogen. 
Dr.  Prout  advanced  several  instances  in  which  this  appeared  to  be 
true,  and  Dr.  Thomson  has  asserted  the  law  to  be  of  nnivereal  appli- 
cation. But,  on  the  other  tand,  Berzelius  and  Dr.  Turner  declare 
that  this  hypothesis  is  at  variance  with  the  results  of  the  best  analyses. 
Such  controverted  points  do  not  belong  to  our  history,  which  treats 
only  of  the  progi'css  of  scientific  truths  already  recognized  by  all  com- 
petent judges. 

Though  Dalton's  discovery  was  soon  generally  employed,  and  uni- 
versally spoken  of  with  admiration,  it  did  not  bring  .to  him  anything 
bat  barren  praise,  and  he  continued  in  the  humble  employment  of 
which  we  have  spoken,  when  his  fame  had  filled  Europe,  and  hia 
name  become  a  household  word  in  the  laboratory.  After  some  years 
he  was  appointed  a  corresponding  member  of  the  Institute  of  France; 
which  may  be  considered  as  a  Em-opean  recognition  of  the  importance 
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of  wliiit  lift  had  dune ;  and,  in  ISlil,  two  medals  for  tlie  encoiii"age- 
ment  of  scienfe  having  heen  placed  at  the  diKposal  of  tie  Eoyal 
Society  by  the  King  of  England,  one  of  them  was  assigned  to 
Dalton,  "for  his  development  of  the  atomic  theory,"  In  1833,  at 
the  meeting  of  the  British  Association  for  the  Advancement  of 
Science,  which  was  held  in  Cambridge,  it  was  announced  that  the 
King  had  bestowed  upon  him  a  pension  of  150^.;  at  the  preceding 
meeting  at  Oxford,  that  university  had  cimferred  npon  him  the  degree 
of  Doctor  of  Laws,  a  step  the  more  remarkable,  since  he  belonged  to 
the  sect  of  Qiialtftrs.  At  all  the  meetings  of  the  British  Association 
he  has  been  present,  and  has  always  been  surrounded  by  the  reverence 
and  admiration  of  all  who  feel  any  sympathy  with  the  progress  of 
science.  May  he  long  remain  among  ns  thus  to  remind  ns  of  the  vast 
advance  which  Chemistry  owes  to  him ! 

[2nd  Ed.]  [Soon  after  I  wrote  these  expressions  of  hope,  the  period 
of  Dalton's  sojoarn  among  us  terminated.  He  died  on.  the  2'?th  of 
July,  1844,  aged  78. 

His  fellow-townsmen,  the  inhabitants  of  Manchester,  who  had  so 
long  taken  a  pride  in  his  residence  among  them,  soon  after  his  death 
came  to  a  detennination  to  perpctnate  his  memory  by  ci 
his  honor  a  Professor  of  Chemistry  at  Manchester.] 


Sect.  3. — The  Theory  of  Volumes,— Oay-Lv,ssac, 

The  atomic  theory,  at  th'e  very  epoch  of  its  introduction  into  France, 
received  a  modification  in  virtne  of  a  curious  discoveiy  then  made. 
Soon  after  the  publication  of  Dalton's  system,  Gay-Lussac  and  Hum- 
boldt found  a  rule  for  the  combination  of  substances,  which  inchides 
that  of  Dalton  as  far  as  it  goes,  but  extends  to  combinations  of  gases 
only.  This  law  is  the  ilieory  of  volumes  ;  namely,  that  gases  unite 
together  by  volume  in  vety  simple  and  definit*  proportions.  Thus 
water  is  composed  exactly  of  100  measures  of  oxygen  and  200  measures 
of  hydrogen.  And  Mnoe  these  simple  ratios  1  and  1, 1  and  2,  1  and  3, 
alone  prevail  in  such  combinations,  it  may  easily  be  shown  that  laws 
like  Dalton's  law  of  multiple  proportions,  must  obtain  in  such  cases  as 


[2nd  Ed.]  [M.  Schroder,  of  Mannheim,  has  endeavored  to  extend  to 
solids  a  law  in  some  degree  resembling  Gay-Lussitc's  law  of  the  volumes 
of  gases.     According  to  him,  the  volumes  of  the  chemical  equivalents 
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of  simple  substancoa  and  their  compounds  are  as  whole  numbers.' 
MM.  Eopp,  Playfair,  and  Joule  have  labored  in  tlie  same  field.] 

I  cannot  now  attempt  to  trace  other  bearings  and  developments  of 
this  remarkable  discovery.  I  hasten  on  to  the  3ast  generalization  of 
chemistry ;  which  presents  to  us  chemical  forces  under  a  new  aspect, 
and  brings  us  back  to  the  point  from  which  we  departed  in  commenc- 
ing the  history  of  this  science. 


CHAPTER  IX. 
Epoch  of  Davy  and  Fahai 


Sect.  I. — Promulgation  of  the  Mectro-^hemkal  Tkeory  bij  Bavy. 

THE  reader  will  recollect  that  the  History  of  Chemistry,  though 
highly  important  and  instructive  in  itself,  has  been  an  interruption 
of  the  History  of  Electro-dynamic  Eesearch : — a  necessary  interrup- 
tion, however;  for  till  we  became  acquainted  with  Chemistry  in 
general,  we  could  not  follow  the  conrae  of  Electro-chemistry :  we 
could  not  estimate  its  vast  yet  philosophical  theories,  nor  even  express 
its  simplest  facta.  We  have  now  to  endeavor  to  show  what  has  thus 
been  done,  ajid  by  what  steps; — to  give  a  fitting  view  of  tJie  Epoch 
of  Davy  and  Faraday. 

This  is,  doubtless,  a  task  of  difficulty  and  delicacy.  We  cannot 
execute  it  at  all,  except  we  suppose  that  the  great  trnths,  of  which  the 
discovery  marks  this  epoch,  have  already  assumed  their  definite 
and  permanent  form.  For  we  do  not  learn  the  just  value  and  right 
place  of  imperfect  attempts  and  partial  advances  in  science,  except  by 
seeing  to  what  they  lead.  We  judge  properly  of  our  trials  and 
gaesses  only  when  we  have  gained  our  point  and  gaessed  rightly.  We 
might  pei^onify  philosophical  theories,  and  might  represent  them  to 
ourselves  as  figures,  all  pressing  eagerly  onwards  in  tlie  same  direc- 
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tion  wlicm  wo  have  t  lareue  a  1  it  t  onh  i  proportion  as  we 
ourseliet.  overt! ki,  tho^c  figiues  ii  tl  o  lax-e  and  pass  beyond  them, 
that  we  aie  enable  1  to  look  back  upon  their  faces  to  discern  then' 
real  aspects  and  to  cati.h  the  true  ch-ira^ter  of  their  countenan- 
ces Except^  therefoie  I  wore  of  op  mon  thit  the  great  truths  which 
Davy  brought  anto  sight  have  been  firmly  est'ihl  shed  and  clearly 
developed  by  Faraday  I  ould  not  pretend  to  gi  e  the  history  of  tliis 
striking  portion  of  science  But  I  trust,  by  tlie  ^icw  I  have  to  offer 
of  these  beautiful  traiia  of  research  and  fh  i  result,  to  justify  the 
asaumption  on  which  I  thus  proceed 

I  must,  howevei,  st^tc,  as  a  further  appeal  to  the  reader's  indulgence, 
that,  even  if  the  great  principles  of  electro-chemistry  have  now  been 
brought  out  in  tlieir  due  form  and  extent,  the  discovery  is  but  a  very 
few  yeais,  I  might  rather  say  a  few  months  old  and  that  thi?  novelty 
dds  t  nally  t  th  d  fflcult}  of  eatm  ating  p  ev  ous  attempts  fio 
th  p  t  f  wt  hcl  wo  -ae  th  B  lei  It  s  o  h  slo  ly  an! 
by  d  th  t  tl  d  becon  es  s  fflc  ently      bu  d      fh  tl  o  e  n  w 

t  ths,  f  wh  h  th  ffi  e  s,  to  change  Ihe  fi  e  of  -i  &  en  e  'V^  e 
h        to  il      f      1    r    ppearan  e    un  le    a  new  Ta[  e  t    to    ef 

Id  t    t  to  p        pi  9 ,  and  it  is  not  tdl  after  some  time,  that  the 

t  g  1  d  he.  U  t  which  this  employment  occasions,  subsides  into 
t'aql  jlb  m  In  the  newly  acquired  provinces  of  man's 
tell  t  1  m^  th  in  and  confusion  of  conquest  pass  only  gradu- 
ally t  q  t  d  rity.  We  have  seen,  in  the  history  of  all 
cap  tal  h  n  a,  1  hardly  they  have  made  their  way,  even  among 
the  most  intelligent  and  candid  philosophers  of  the  antecedent  schools ; 
we  must,  therefore,  not  expect  that  the  metamorphosis  of  the  theoreti- 
cal views  of  chemistry  which  is  now  going  on,  will  he  effected  without 
some  trouble  and  delay. 

I  shall  endeavor  to  diminish  tlie  difficulties  of  my  underteking,  by 
presenting  the  earlier  investigations  in  the  department  of  which  I  have 
now  to  spe^,  as  much  as  possible  according  to  the  most  deliberate 
view  taken  of  them  by  the  great  discovered  themselves,  Davy  and 
Faraday ;  since  these  philosophers  are  they  who  have  taught  us  the 
true  import  of  such  investigations. 

There  is  a  further  difficulty  in  my  task,  to  which  I  might  refer; — 
the  difficulty  of  speaking,  without  error  and  without  offence,  of  men 
now  alive,  or  who  were  lately  members  of  social  circles  which  exist 
still  around  us.  But  the  scientific  history  in  which  such  persons  play 
a  part,  is  so  important  to  my  purpose,  that  I  do  not  hesitate  to  incur 
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the  responsibility  wliioli  this  iiaiTatioii  involves;  and  I  liava  endeavor- 
ed earnestly,  and  I  hope  not  iu  vaia,  to  speak  as  if  I  were  removed 
by  centuries  from  the  persons^es  of  my  sfory. 

The  phenomcEa  observed  in  tlie  Voltaic  apparatus  wore  natm'aljy 
the  Bubjeot  of  many  speculations  as  to  tteii'  cause,  and  thus  gave  rise 
to  "  Theories  of  the  Pile."  Among  these  phenomena  there  was  one 
class  which  led  to  most  important  r&snlts:  it  was  discovered  by  Nichol 
sou  and  Carlisle,  in  1800,  that  water  was  decomposed  hj  the  pile  of 
Volta;  that  is,  it  was  found  that  when  the  wires  of  the  pile  were 
placed  with  their  ends  near  each  other  in  the  fluid,  a  stream  of  bnb- 
bles  of  air  arose  from  each  wire,  and  th(se  aire  were  found  on  exami- 
nation to  be  oxygen  and  hydrogen ;  which,  as  we  have  had  to  nan'atc. 
had  already  been  found  to  be  the  constituents  of  water.  This  was,  as 
Davy  says,'  the  true  origin  of  al!  that  has  been  done  iu  electro-chemi- 
cal science.  It  was  found  that  other  substances  also  suffered  a  like 
decomposition  under  the  same  circumstances.  Certain  metallic  solu- 
tions were  decomposed,  and  an  alkali  was  separated  on  the  negative 
plates  of  the  apparatus.  Ci'uickshank,  in  pursuing  these  experiments, 
added  to  them  many  important  new  results ;  such  as  the  decomposi- 
tion of  muriates  of  magnesia,  soda,  and  ammonia  by  the  pile  ;  and  the 
general  observation  that  the  alkaline  matter  always  appeared  at  the 
negative,  and  the  acid  at  thQ  positive,  pole. 

Such  was  the  state  of  the  subject  when  one  who  was  destined  to  do 
so  much  for  its  advance,  first  contribntcd  his  labors  to  it.  Humphry 
Davy  was  a  young  man  who  had  been  apprenticed  to  a  surgeon  at 
Penzance,  and  having  shown  an  ardent  love  and  a  strong  aptitude  for 
chemical  research,  was,  iu  1T98,  made  tlie  superintendent  of  a  "  Pneu- 
matic Institntion,"  estaUished  at  Bristol  by  Dr.  Beddoes,  for  the  pur- 
pose of  discovering  medical  powers  of  factitious  airs."  But  his  main 
attention  was  soon  drawn  to  galvanism ;  and  when,  in  consequence  of 
the  reputation  he  had  acquired,  he  was,  in  1801,  appointed  lectui'er  at 
the  Koyal  Institution  in  London  (then  recently  established),  ho  was 
soou  put  in  possession  of  a  galvauie  apparatus  of  great  power ;  and 
with  this  he  was  not  long  in  obtaining  the  most  striking  results. 

His  first  paper  on  the  subject'  k  sent  from  Bristol,  iu  September, 
1800  ;  and  describes  experiments,  in  which  he  had  found  that  the  de- 
compositions observed  hy  Nicholson  and  Carlisle  go  on,  although  the 

'  PMl.  Tram.  1826,  p.  S86.  *  Paeitt,  lAfe  of  Davy,  i.  58. 
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water,  or  otiier  substance  in  which  the  two  wires  are  plunged,  be 
separated  into  two  portions,  provided  these  portions  are  connected  by 
muscular  or  other  fibres.  This  use  of  muscular  fibres  was,  probably, 
a  remnant  of  the  original  disposition,  or  accident,  by  which  galvanism 
had  been  connected  with  physiology,  as  much  as  with  chemistry.  Davy, 
bowever,  soon  went  on  towards  the  conclusion,  that  the  phenomena 
were  altogether  chemical  in  their  nature.  He  had  already  conjectur- 
ed,' in  1802,  that  all  decompositions  might  bo  polar  ;  that  is,  that  in 
all  cases  of  chemical  decomposition,  the  elements  might  be  related  to 
each  other  as  electrically  positive  and  negative ;  a  thought  which  it 
was  the  peculiar  glory  of  his  school  to  confirm  and  place  in  a  distinct 
light.  At  this  period  such  a  view  was  far  from  obvious  ;  and  it  was 
contended  by  many,  on  the  contrary,  that  the  elements  which  the 
voltaic  apparatus  brought  to  view,  were  not  liberated  from  combina- 
tions, but  generated.  In  1806,  Davy  attempted  the  solution  of  this 
question ;  he  showed  that  the  ingredients  which  had  been  supposed  to 
be  produced  by  electricity,  were  due  to  impurities  in  the  water,  or  to 
the  decomposition  of  the  vessel ;  and  thus  removed  all  preliminary 
difficulties.  And  then  ho  says," "  referring  to  my  experiments  of  1800, 
1801,  and  1802,  and  to  a  number  of  new  facts,  which  showed  that  in- 
flammable sTibatancea  and  oxygen,  alialies  and  acids,  and  oxidable  and 
noble  metals,  were  in  electrical  relations  of  positive  and  negative,  I  drew 
the  conclusion,  thai  the  comhinatioM  cettd  decompositions  by  electricity 
were  referriUe  to  the  law  of  electrical  atlraciions  and  repulsions"  and 
advanced  the  hypothesis,  "  tliat  ehemieal  and  electrical  attractions  were 
produced  by  the  same  cause,  acting  in  the  one  case  on.  particles,  in  the 
other  on  masses;  .  .  .  and  that  the  same  property,  under  different  modi- 
ficatiom,  was  Uie  cause  of  all  the  phenomena  exhibited  hy  different 
voltaic  combinations." 

Although  this  is  the  enunciation,  in  tolerably  precise  terms,  of  the 
great  discovery  of  his  epoch,  it  waa,  at  the  period  of  whicli  we  speak, 
conjectured  rather  than  proved ;  and  we  shall  fiud  that  neither  Davy 
nor  his  followers,  for  a  considerable  period,  apprehended  it  with  that 
distinctness  which  makes  a  discovery  complete.  But  in  a  very  short 
time  afterwards,  Davy  drew  great  additional  notice  to  his  researches 
by  effecting,  in  pursuance,  as  it  appeared,  of  his  theoretical  views,  the 
decomposition  of  potassa  into  a  metallic  base  and  oxygen.  This  was, 
as  he  truly  said,  in  the  memorandum  written  in  his  journal  at  the 

'  FMl.  Trans.  Ig-iri.  >  lb.  U2S,  p.  SS9 
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instant,  "  a  capital  experimeiit."  This  discovery  was  soon  followed  by 
that  of  tie  decomposition  of  soda ;  and  shortly  after,  of  otlser  bodies  of 
the  same  kind ;  and  the  interest  and  activity  of  the  whole  chemical 
world  were  turned  to  the  snhjeet  in  an  intense  degree. 

At  this  period,  there  might  be  noticed  three  great  branches  of  specu- 
lation on  this  subject ;  the  theory  of  the  pile,  the  theory  of  electrical 
decompodtion,  and  the  theory  of  ike  identity  of  chemical  and  electrical 
forces  ;  which  last  doctrine,  however,  was  found  to  include  the  other 
two,  as  might  have  been  anticipated  from  the  time  of  its  first 
suggestion. 

It  will  not  be  necessary  to  say  much  on  the  theories  of  the  voltaic 
pile,  as  separate  from  other  parts  of  the  subject.  The  contact-theory, 
whicb  ascribed  the  action  to  the  contact  of  different  metals,  was  main- 
tained by  Volta  himself;  but  gradually  disappeared,  as  it  wm  proved 
(by  Wollaston'  especially,)  that  the  eiFeet  of  the  pile  was  insepambly 
connected  with  oxidation  or  other  chemical  changes.  The  theories 
of  electro-chemical  decomposition  wore  numerous,  and  especially 
after  the  promulgatiou  of  Davy's  Memoir  in  1806  ;  and,  whatever 
might  bo  the  defects  under  which  these  speculations  for  a  long  time 
labored,  the  subject  was  powerfully  urged  on  in  the  direction  in  which 
truth  lay,  by  Davy's  discoveries  and  views.  That  there  remained 
something  still  to  be  done,  in  order  to  give  full  evidence  and  consistency 
to  the  theory,  appeal's  from  this ; — that  some  of  the  most  important 
parts  of  Davy's  results  struck  his  ftiUowers  as  extraordinary  paradoxes ; 
— ibt  instance,  the  fact  that  the  decomposed  elements  are  transferred 
from  one  part  of  the  circuit  to  another,  in  a  form  which  escapes  the 
cognizance  of  our  senses,  throagh  intervening  substances  for  which  they 
have  a  strong  afSnity.  It  was  found  afterwards  that  the  circumstance 
which  appeared  to  make  the  procras  so  wonderful,  was,  in  fact,  the 
condition  of  its  going  on  at  all.  Davy's  expressions  often  seem  to  indi- 
cate the  most  exact  notions  :  for  instance,  he  says,  "  It  is  very  natural 
to  suppose  that  the  repellent  and  attractive  energies  are  communicated 
from  one  particle  to  another  of  the  same  kind,  so  as  to  establish  a  con- 
ducting chain  in  the  fluid ;  and  that  the  locomotion  takes  place  in 
consequence ;'"  and  yet  at  other  times  he  speaks  of  the  element  as 
attracted  and  repelled  by  the  metallic  surfaces  which  form  the  poles  ; — 
a  different,  and,  as  it  appeared  afterwards,  an  untenable  view.  Mr. 
Faraday,  who  supplied  what  was  wanting,  justly  notices  this  vi 

*  Phil.  Tram.  1301,  p.  427.  '  faris. 
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He  says,'  that  though,  in  Davy's  celebrated  Memoir  of  1806,  the  points 
established  are  of  the  utmost  value,  the  mode  of  action  by  which  tie 
effects  take  place  is  stated  very  generally ;  so  generally,  indeed,  that 
probably  a  dozen  precise  schemes  of  electro-chemical  action  migbt  be 
drawn  up,  differing  essentialJy  from  each  other,  yet  all  agreeing  with 
the  statement  tliere  given."  And  at  a  period  a  little  later,  being 
reproached  by  Davy's  brother  with  injnstice  in  this  expression,  he  sub- 
stantiated his  assertion  by  an  enumeration  of  twelve  such  schemes 
which  had  been  published. 

But  yet  we  cannot  look  upon  this  Memoir  of  1806,  otherwise  titan 
as  a  gi-eat  event,  perhaps  the  most  important  event  of  the  epoch  now 
under  review.  And  as  sueh  it  was  recognized  at  once  ail  over  Europe. 
In  particular,  it  received  the  di  t  h  1  h  nor  of  being  crowned  by 
the  Institute  of  Fi-ance,  alth  1  tl  at  ntry  and  England  were 
then,  engaged  in  fierce  hostil  t}  E  ap  rte  had  proposed  a  prize  of 
sixty  thousand  francs  "  to  th  p  r^  h  by  his  experiments,  and  dis- 
coveries should  advance  th  k  1  Jg  f  lectricity  and  galvanism, 
as  much  as  Franklin  and  ^  It  11,  ad  of  three  thousand  ftancs 
for  the  best  experiment  which  should  bo  made  in  the  course  of  each 
year  on  the  galvanic  fluid  ;"  the  latter  prize  was,  by  the  Firat  Class  of 
the  Institute,  awarded  to  Davy, 

From  this  period  he  rose  rapidly  to  honors  and  distinctions,  and 
reached  a  height  of  scientific  fame  as  great  as  baa  ever  fallen  to  the 
lot  of  a  discoverer  in  so  short  a  time.  I  shall  not,  however,  dweO  on 
such  circumstances,  but  confine  myself  to  the  progress  of  my  subject. 

Sect.  2. — EstahlinhTomt  of  the  Meetro-cliemical  Tli£<yry  hy  Faraday. 

The  defects  of  Davy's  theoretical  views  will  be  seen  most  clearly  by 
explaining  what  Faraday  added  to  them.  Michael  Faraday  was  in 
every  way  fitted  and  led  to  become  Davy's  successor  in  his  great  ca- 
reer of  discovery.  In  1812,  being  then  a  bookseller's  apprentice,  he 
attended  tbe  lectures  of  Davy,  which  at  that  period  excited  the  high- 
est admiration.'  "  My  desire  to  escape  from  trade,"  Mr.  Faraday  says, 
"  which  I  thought  vicious  and  selfish,  and  to  enter  into  the  service  of 
science,  which  I  imagined  made  its  pursuers  amiable  and  liberal,  in- 
duced me  at  last  to  take  the  bold  and  simple  step  of  writing  to  Sir  H, 
Davy."     He  was  favorably  received,  and,  in  the  next  year,  became 

"  Researches,  482.  °  Paris,  il.  S. 
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Davy's  assistant  at  the  Institution  ;  and  afterwards  his  successoi'.  Tlic 
Institution  which  produced  sudi  researches  as  those  of  these  two  men, 
may  well  bo  considered  as  a  great  school  of  exact  and  philosophical 
chemistiy.  Mr.  Faraday,  from  tho  beginning  of  his  course  of  inquiry, 
appears  to  have  had  the  consciousness  that  he  was  engaged  on  a  great 
connected  work.  His  E^eperijnental  Besearches,  which  appeared  in  a 
series  of  Memoirs  in  the  I'kilosopMcal  Transactions,  are  divided  into 
short  pai'agraphs,  Lumbered  into  a  continued  order  from  1  up  to  1160, 
at  the  time  at  which  I  write;'"  and  destined,  probably,  to  extend 
much  further.  These  paragraphs  are  connected  by  a  very  rigorous 
method  of  investigation  and  reasoning  which  runs  through  the  whole 
body  of  them.  Yet  this  unity  of  purpose  was  not  at  iirst  obvious. 
His  first  two  Memoirs  were  upon  subjects  which  we  have  already 
treated  of  (B.  xrii.  c.  5  and  c.  8),  Voltaic  Induction,  and  tho  evolution 
of  Electricity  from  Magnetism.  His  "Third  Series"  has  also  heim 
already  referred  to.  Its  object  was,  as  a  prepai-atory  step  towards 
further  investigation,  to  show  the  identity  of  voltMc  and  animal  elec- 
tricity with  that  of  the  electrical  maclino ;  and  a&  macliine  electricity 
differs  from  other  kinds  in  being  successively  in  a  state  of  tension  aaid 
explosion,  instead  of  a  continued  current,  Mr.  Faraday  succeeded  in 
identifying  it  with  them,  by  causing  the  electrical  discharge  to  pass 
through  a  bad  conductor  into  a  discharging-train  of  vast  extent; 
nothing  less,  indeed,  than  the  whole  fabric  of  the  metallic  gas-pipes 
and  wat«r-pipes  of  London.  In  this  Memoir"  it  is  easy  to  see  alrea^ly 
traces  of  the  general  theoretical  views  at  which  he  Lad  arrived;  but 
these  are  not  expressly  stated  till  his  "  Fifth  Series ;"  his  intermediate 
Fourth  Series  being  occupied  by  another  suhsidiaiy  labor  on  the  con- 
ditions of  conduction.  At  lengtii,  however,  in  the  Fifth  Series,  which 
was  read  to  tho  Eoyal  Society  in  June,  1833,  he  approaches  the  the- 
ory of  electro-chemical  decomposition.  Most  preceding  theorists,  and 
Davy  amongst  tho  number,  had  referred  this  result  to  attractive  pow- 
ers residing  in  the  poles  of  the  apparatus ;  and  had  even  pretended  to 
compare  th    int       ty    f  th      tt     ti       t  liff       t  d  t  fi  m  th 

poles.     By         mb       f  1    ly  b      thd      d    Llfd      p     m    t 

Mr.  Farad  y   1   w    th  t  tl     ph  th        p   I     ty  b 


'"  Daceml  (A-    p  wl       I    m         smg  th  d    d 

September,  1848,  Dr.  Faraday  has  recsently  published  the  "Twenty-first  Seciea" 
oE  hie  Eesaarches  ending  with  paragraph  2453.) 

"  PAil.  IVan*.  1833. 


d  by  Google 


298  nisTORY  OF  chemistry. 

ascribed  to  the  attraction  of  the  poJes.'"  "  As  the  auhatances  evolved 
in  cases  of  electro-chemical  decomposition  may  be  made  to  appear 
against  air,"  which,  according  to  common  language,  is  not  a  con- 
ductor, nor  is  decomposed ;  or  agmnst  water,"  which  is  a  conductor, 
and  can  be  decomposed ;  as  well  as  against  the  metal  poles,  which  aro 
escelleat  conductors,  but  nn  decomposable ;  there  appears  but  little 
reason  to  consider  this  phenomenon  generally  as  due  to  the  attraction 
or  attractive  powers  of  the  latter,  when  nsed  ia  the  ordinary  way, 
since  similar  attractions  can  hardly  be  imagined  in  the  former  in- 
stances." 

Faraday's  opinion,  and,  indeed,  the  only  way  of  expressing  the 
results  of  his  esperiments,  was,  that  the  chemical  elements,  in  obe- 
dience to  the  direction  of  the  voltaic  currents  established  in  the 
decomposing  snbstance,  were  evolved,  or,  as  he  prefers  to  say,  ejected 
at  its  extremities."  He  afterwards  states  that  the  influence  which  is 
present  in  the  electric  current  may  be  described"  as  an  axis  of  power, 
havinff  [at  each  point]  contrary  forces  exactly  equal  in  amount  in  con- 
irmy  directions. 

Having  arrived  at  this  point,  Faraday  rightly  wished  to  reject  the 
tena  poles,  and  other  words  which  conld  hardly  he  used  without  sug- 
gesting doctrines  now  proved  to  be  erroneous.  He  considered,  in  the 
e^B  of  bodies  electrically  decomposed,  or,  as  he  termed  them,  electro- 
lytes, the  elements  as  travelling  in  two  opposite  directions;  which, 
with  reference  to  the  direction  of  terrestrial  magnetism,  might  be 
considered  as  naturally  east  and  west ;  and  he  conceived  elements  as, 
in  this  way,  arriving  at  the  doors  or  outlets  at  which  they  finally 
made  their  separate  appearance.  The  doors  he  called  electrodes,  and, 
separately,  the  anode  and  the  cathode;"  and  the  elements  which  thus 
travel  he  termed  the  aiiion  and  the  cation  (or  catKion),"  By  means 
of  this  nomenclatnre  he  was  able  to  expre^  his  general  results  with 
mueh  more  distinctness  and  feeility. 

But  this  general  view  of  the  electrolytieal  process  required  to  be 
pursued  further,  in  order  to  esplmn  the  nature  of  the  action.  The 
identity  of  electrical  and  chemical  forces,  which  had  been  hazarded  as 


"  Mesearchea,  Art.  497.  "  Researclies,  Arfa.  465,  469. 

»  496.  "  4B3.  "  617.  "  668. 

"  Tha  analogy  of  tlie  Greek  derivation  requires  eoiiiin,-  but  to  make  tha 
relaiion  to  eathode  ohviouB  to  the  English  reader,  and  to  nroid  a  violation  of 
the  habits  of  English  prononeiation,  I  ehould  prefer  eatkion. 


d  by  Google 


KPOCH  OF  XiAYY  AND   FAKADAY.  290 

&  conjecture  by  Davy,  and  adopted  as  the  basis  of  cbemistry  by  Ber- 
zelius,  could  only  be  established  by  exact  measures  and  rigorous  proofi, 
Faraday  had,  in  his  proof  of  the  identity  of  voltaic  and  electric  agency, 
attempted  also  to  devise  such  a  measure  aa  should  give  him  a  compa- 
rison of  their  quantity ;  and  in  this  way  he  proved  that"  a  voltaic 
group  of  two  small  wires  of  platjnnm  and  zinc,  placed  near  each  other, 
and  immersed  in  dilut«  acid  for  three  seconds,  yields  as  much  electri- 
city as  the  electrical  battery,  charged  by  ten  tunas  of  a  large  machine ; 
and  this  was  established  bothby  its  momentary  electro-magnetic  effect, 
and  by  the  amount  of  its  chemical  action." 

It  was  ia  his  "  Seventh  Series,"  that  he  finally  established  a  principle 
of  definite  measurement  of  the  amount  of  electrolytical  action,  and  de- 
scribed an  instrument  which  he  termed^'  a  volta-electroimter.  In  this 
instrument  the  amount  of  action  was  measured  by  the  quaatity  of 
water  decomposed  :  and  it  was  necessary,  in  order  to  give  validity  to 
the  mensuration,  to  show  (as  Faraday  did  show)  that  neither  the  size 
of  the  electrodes,  nor  the  intensity  of  the  current,  nor  the  strength  of 
the  acid  solution  which  acted  on  the  plates  of  the  pile,  disturbed  the 
accuracy  of  this  measure.  He  proved,  by  experiments  upon  a 
great  variety  of  substances,  of  the  most  different  kinds,  that  the 
electro-chemical  action  is  definite  in  amount  according  to  the 
measurement  of  the  new  instrument."  He  had  already,  at  an  earlier 
period,"  inserted,  that  the  chemical  power  of  a  current  of  electricity  is 
in  direct  proportion  to  the  absolute  quaniili/ of  electricity  vihich  passes  ; 
but  the  volta-electrometer  enabled  him  to  fix  with  more  precision  the 
meaning  of  this  general  proposition,  as  well  as  to  place  it  beyond 
doubt. 

The  vast  importance  of  this  step  in  chemistry  soon  came  into  view. 
By  the  use  of  the  volta-electrometer,  Faraday  obtained,  for  each 
elementary  substance,  a  number  which  represented  tlie  relative  amount 
of  its  decomposition,  and  which  might  properly'*  be  called  its  "  electro- 
chemical equivalent"  And  the  question  naturally  occurs,  whether 
these  numbers  bore  any  relation  to  any  previonsly  established  chemi- 
cal measures.  The  answer  is  remartable.  They  were  no  other  than 
the  atomic  weights  of  the  Baltonian  theory,  which  formed  the  climax 
of  the  previous  ascent  of  chemistry ;  and  thus  here,  as  everywhere  in 
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tiie  progress  of  science,  the  generalizations  of  one  generation  are  absoi'b- 
ed  in  tlie  wider  generalizations  of  the  next. 

But  in  oi-der  to  reach  securely  tliia  wider  generalization,  Faraday 
combined  the  two  tranches  of  the  subject  which  we  have  already 
noticed  ; — the  theory  of  electrical  decomposition  witii  the  theory  of  tite 
pile.  For  his  researches  on  the  origin  of  activity  of  the  voltMc  circuit 
(his  Eighth  Series),  led  him  to  see  more  clearly  than  any  one  before 
him,  what,  as  we  have  said,  the  most  sagacious  of  preceding  philoso- 
phers had  maintained,  that  the  current  in  the  pile  was  duo  to  the 
mntnal  chemical  action  of  its  elements.  He  was  led  to  consider  the 
processes  which  go  on  in  the  exciting-cell  and  in  the  decomposing 
place  as  of  the  same  tind,  but  opposite  in  direction.  The  chemical 
composition  of  the  fluid  mth  the  zinc,  in  the  common  apparatus,  pro- 
daces,  when  the  circuit  is  completed,  a  current  of  electric  influence  in 
the  wire ;  and  this  cureent,  if  it  pass  through  an  electrolyte,  manifests 
i^elfhy  decomposition,  overcoming  the  chemical  affinity  which  there 
resists  it.  An  electrolyte  cannot  conduct  without  being  decomposed. 
The  forces  at  the  point  of  composition  and  the  point  of  decomposition 
are  of  the  same  Mnd,  and  are  opposed  to'  each  other  by  means  of  the 
condncting-wire ;  the  wire  may  properly  be  spoken  of  "  as  conducting 
chemical  acuity  :  it  allows  two  forces  of  tlie  same  kind  to  oppose  one 
another ;"  electricity  is  only  another  mode  of  t3ie  exertion  of  chemical 
forces ;"  and  we  might  expre^  all  the  circumstances  of  the  voltMc  pile 
without  using  any  other  term  than  chemical  affinity,  though  tJiat  of 
electricity  may  be  veiy  convenient"  Bodies  are  held  together  by  a 
definite  power,  which,  when  it  ceases  to  discharge  that  office,  may  be 
thrown  into  the  condition  of  an  electric  current," 

Thus  Qio  great  principle  of  the  identity  of  electrical  and  chemical 
action  was  completely  established.  It  was,  as  Faraday  with  great 
candor  says,"  a  confirmation  of  the  general  views  put  fortli  by  Davy, 
in  1806,  and  might  be  expressed  in  his  terms,  that  "chemical  and 
electrical  attractions  are  produced  by  tte  same  cause ;"  but  it  is  easy 
to  see  that  neither  was  the  full  import  of  these  expressions  understood 
nor  were  the  quantities  to  wbich  they  refer  conceived  as  measurable 
quantities,  nor  was  the  assertion  anything  but  a  sagacious  conjecture, 
tilt  Faraday  gave  the  interpretation,  me^ure,  and  proof,  of  which  we 
have  spoken.  The  evidence  of  the  incompleteness  of  the  views  of  his 
predecessorwehaveaJroady  adduced,  in  speaking  of  his  vague  and  incon- 

"  Kesearclios  Art.  Uls.  "  815.  ■'  9lT.  "  856.         '°  BBS, 
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sistent  tiieoretical  account  of  decomposition.  The  confirmation  of 
Davy's  discoveries  bj  Fataday  ia  of  the  nature  of  Newton's  confirma- 
tion, of  the  views  of  Borelli  and  Hoote  respecting  gravity,  or  like 
Young's  confirmation  of  the  undulatory  theory  of  Huyghens. 

We  must  not  omit  to  repeat  here  the  moral  whicli  we  iviali  to  draw 
from  ail  great  discoveries,  tliat  they  depend  upon  tlie  combination  of 
exact  facts  with  clear  ideas.  The  former  of  tJiese  conditions  is  easily 
illustrated  in  the  case  of  Davy  and  Faraday,  both  admirable  and  deli- 
cate experimenters.  Davy's  rapidity  and  resource  ia  experimenting 
were  extraordinary,"  and  extreme  elegance  and  ingenuity  distinguish 
almost  every  process  of  Faraday.  He  had  published,  in  1829,  a  work 
on  Chemical  Manipulation,  in  which  directions  are  given  for  perform- 
ing in  the  neatest  manner  all  chemical  processes.  Manipulation,  as  he 
there  truly  says,  is  to  the  chemist  like  the  external  senses  to  tliu 
mind ;''  and  without  the  supply  of  fit  materials  which  such  senses  only 
cau  give,  the  mind  can  acquire  no  real  knowledge. 

But  still  the  operations  of  the  mind  as  well  as  the  infoimation  of  the 
senses,  ideas  as  well  ^  facts,  are  requisite  for  the  attainment  of  any 
knowledge ;  and  all  great  steps  in  science  require  a  peculiar  distinct^ 
ness  and  vividness  of  thought  in  the  discoverer.  This  it  is  difiicnlt  to 
exemplify  in  any  better  way  than  by  the  discoveri^  themselves.  Both 
Davy  and  Faraday  possessed  this  vividness  of  mind ;  and  it  was  a  con- 
sequence of  this  endowment,  that  Davy's  lecture  npon  chemistry,  and 
Faraday's  upon  almost  any  subject  of  phj-sical  philosophy,  were  of  the 
raost  brilliant  and  captivating  character.  In  discovering  the  nature  of 
voltaic  action,  the  essentia!  intellectual  requisite  was  to  have  a  distinct 
conception  of  that  which  Faraday  expressed  by  the  romartable 
phrase,"  "  an,  axis  of  power  having  equal  and  opposite  forces ;"  and  the 
distinctness  of  this  idea  in  Faraday's  mind  shines  forth  in  every  part 
of  his  writings.  Thus  he  says,  the  force  which  determines  the  decom- 
position of  a  body  is  m  the  body,  not  in  the  poles."  But  for  the 
most  part  he  can  of  coarse  only  convey  this  fundamental  idea  by  illus- 
ti'ations.  Thus"  he  represents  the  voltaic  circuit  by  a  double  circle, 
studded  with  tlie  elements  of  the  circuit,  and  shows  how  the  a'riions 
travel  round  it  in  one  direction,  and  the  cath'ions  in  the  opposite.  He 
considere"  the  powers  at  the  two  places  of  action  as  balancing  against 
each  other  through  the  medium  of  the  conductors,  in  a  manner  analo- 
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goHs  to  that  in  which  mecianical  forces  ai'e  balanced  against  each 
other  by  the  intervention  of  the  lever.  It  ia  impossible  to  him"  to 
resist  the  idea,  that  the  voltaic  current  mast  be  preceded  by  a  state  of 
tension  in  its  intemipted  condition,  which  is  relieved  when  the  circuit 
is  completed.  He  appears  to  possess  the  idea  of  this  kind  of  force 
with  the  same  eminent  distinctness  with  which  Archimedes  in  the 
ancient,  and  8t«vimis  in  the  modem  history  of  science,  possessed  the 
idea  of  pressure,  and  were  thus  able  to  found  the  science  of  mecha- 
nics." And  when  be  cannot  obtain  these  distinct  modes  of  concep- 
tion, he  is  dissatisfied,  and  conscious  of  defect.  Thns  in  the  relation 
between  magnetism  and  electricity,"  "  there  appears  to  be  a  link  in  the 
chain  of  effects,  a  wheel  in  the  physical  mechanism  of  the  action,  as 
yet  unrecognized."  All  this  variety  of  expression  shows  how  deeply 
seated  is  the  thought.  This  conception  of  Chemical  Affinity  as  a 
peculiar  influence  of  force,  which,  acting  in  opposite  directions,  com- 
bines and  resolves  bodies ; — which  may  be  liberated  and  thrown  into 
the  form  of  a  voltaic  current,  and  thus  be  transferred  to  remote  points, 
and  applied  in  various  ways;  is  essential  to  the  understanding,  as  it 
was  to  the  mating,  of  these  discoveries. 

By  those  to  whom  this  conception  his  been  conveyed,  I  venture  to 
trust  that  I  shall  be  held  to  have  given  a  faithful  account  of  this  im- 
portant event  in  the  history  of  science.  We  may,  before  wo  quit  the 
subject,  notice  one  or  two  of  tbe  remarkable  subordinate  features  of 
Faraday's  discoveries. 

Sect.  3. — Consequences  of  Faraday's  Discoveries. 

Fakadat's  volta-electrometer,  in  conjunction  with  the  method  he  haA 
already  employed,  as  we  have  seen,  for  the  comparison  of  voltaic  and 
common  electricity,  enabled  him  to  measure  the  a<;taal  quantity  of 
electricity  which  is  exhibited,  in  given  cases,  in  the  form  of  chemical 
affinity.  His  results  appeared  in  numbers  of  that  enormous  amount 
which  so  often  comes  before  us  in  the  expression  of  natural  laws.  One 
grain  of  water"  will  require  for  its  decomposition  as  much  electricity 
as  would  mate  a  powerful  flash  of  lightning.  By  further  calculation, 
he  finds  this  quantity  to  be  not  less  than  800,000  charges  of  his 
Leyden  battery  ■*'  and  this  is,  by  his  theory  of  the  identity  of  the 
combining  with  the  decomposing  force,  the  quantity  of  electricity 
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ivliicli  is  naturally  associated  with  the  elements  of  the  grain  of  water, 
endowing  them  with  their  mutual  affinity. 

Many  of  the  suhordinate  facts  and  laws  which  were  hmught  to 
light  by  these  researches,  clearly  point  to  generahzations,  not  included 
in  that  which  we  have  had  to  consider,  and  not  yet  discovered :  such 
laws  do  not  properly  belong  to  our  main  plan,  which  is  to  make  our 
way  ttp  to  the  generalizations.  But  there  is  one  which  so  evidently 
promises  to  have  an  important  bearing  on  future  chemical  theories, 
that  I  will  briefly  mention  it.  The  class  of  bodies  which  ave  capable 
of  electrical  decomposition  is  limited  by  a  very  remarkable  law  :  they 
are  such  binaiy  compounds  only  as  consist  of  single  proportionals  of 
their  elementary  principles.  It  does  not  belong  to  as  here  to  speculate 
on  the  possible  import  of  this  curious  law ;  which,  if  not  fully  esta- 
blished, Faraday  has  rendered,  at  least,  highly  probable :"  but  it  is 
impossible  not  to  see  how  closely  it  connects  the  Atomic  with  the 
Electro-chemical  Theory ;  and  in  the  connexion  of  these  two  great 
members  of  Chemistry,  is  involved  the  pr<Kpect  of  its  reaching  wider 
generalizations,  and  principles  more  profound  than  we  have  yet  caught 
sight  oi. 

As  another  example  of  this  connexion,  I  will,  finally,  notice  that 
Faraday  baa  employed  his  discoveries  in  order  to  decide,  in  some 
doubtful  cases,  what  is  the  true  chemical  equivalent ;"  "  1  have  such 
conviction,"  he  says,  "that  the  power  which  governs  electro-decom- 
position and  ordinary  chemical  attractions  is  the  same  ;  and  such  co»- 
fldence  in  the  oveiTuling  influence  of  those  natural  laws  which  render 
the  former  definite,  as  to  feel  no  hesitation  in  believing  that  the  latter 
must  submit  to  them  too.  Such  being  the  case,  I  can  have  no  doubt 
that,  assuming  hydrogen  as  1,  and  dismissing  small  fractions  for  the 
simplicity  of  expression,  the  equivalent  number  or  atomic  weight  of 
oxygen  is  8,  of  chlorine  36,  of  bromine  78-4,  of  lead  103'5,  of  tin  69, 
&c. ;  notwithstanding  that  a  very  high  authority  doubles  several  of 
these  numbers." 

Sect,  i.— -Reception  of  tite  Sleciro-diemical  Theory. 

The  epoch  of  establishment  of  the  electro-chemical  theory,  like  other 
great  scientific  epochs,  must  have  its  sequel,  the  period  of  its  reception 
and  confirmation,  application   and   extension.      In  that    period  we 
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arc  living,  and  it  must  lie  tlie  task    tft        l"to  tt  t 

course. 

We  may,  however,  say  a  word  on  tl  e  r  ept  a  wl  eh  the  theo  j 
met  witi,  in  the  forms  which  it  assu  1  a  t  o  t  tl  e  lalors  oi 
Faraday.  Even  before  the  great  diacove  y  t  Da  y  Grotth  iss 
1S03,  had  written  upon  the  theoiy  of  ele  tro  clencal  docomposton 
bat  he  and,  as  wo  have  seen,  Davy,  a  d  aftc  n  irds  other  « ntt  ■«  a. 
Eiffanlt  and  Chompre,  in  1807,  ref  r  ed  the  ff  ts  to  tl  e  pole 
But  the  moat  important  attempt  to  app  opr  ate  and  employ  th 
generalization  which  these  discoveries  angg  sto  1  ii  m  that  ot  Be  ■zel 
who  adopted  at  onee  the  view  of  the  i  lent  ty  or  at  lea  t  tl  e  n  e  -i 
connexion,  of  electrical  relations  with  chen  cal  afBn  tj  lie  co 
sidered,"  that  ia  al!  chemical  combicat  oni  the  elem  nts  av  be  con 
sidered  as  electro-positive  and  elcctro-negati  e ,  and  m  do  th  a  op[  o 
sition  the  haaia  of  his  chemical  doctrines;  in  which  he  was  followed 
by  a  largo  body  of  tlio  chemists  of  Germany,  He  held  too  that  the 
boat  and  light,  evolved  during  caaea  of  ■powerfat  combination,  are  the 
consequence  of  the  electric  dischai^  which  is  at  that  moment  taking 
place :  a  conjectm'e  which  Faraday  at  first  spoke  of  with  praise.*' 
But  at  a  later  period  he  more  sagely  says,*'  that  the  flame  which  is 
produced  in  such  casis  exhibits  but  a  small  portion  of  tlie  electric 
power  which  really  acts.  "  These  therefore  may  not,  cannot,  be  taken 
as  evidences  of  the  nature  of  the  action;  hut  are  merely  incidental 
resulfa,  incomparably  small  in  relation  to  the  forces  concerned,  and 
supplying  no  information  of  the  way  in  which  the  particles  are  active 
on  each  other,  or  in  which  their  forces  are  finally  arranged."  And 
comparing  the  evidence  which  he  himself  had  given  of  the  principle 
on  which  Berzelius's  speculations  rested,  with  the  speculations  them- 
selves, Faraday  justly  conceived,  tliat  he  had  transferred  the  doctrine 
from  the  domain  of  ivhat  he  calls  doubtful  knowledge,  to  tliat  of  induc- 
tive eei'tainty. 

Now  that  we  are  amved  at  the  starting-place,  ft-om  which  this  well- 
proved  truth,  the  identity  of  electric  and  chemical  forces,  must  make 
its  future  advances,  it  wonld  be  trifling  to  dwell  longer  on  the  details 
of  the  diffusion  of  that  doubtful  knowledge  which  preceded  this  more 
certain  science.  Our  history  of  chemistry  is,  therefore,  here  at  an  end. 
I  have,  as  far  as  T  could,  exocnted  ray  task ;  which  was,  to  mark  all  the 
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great  steps  of  its  advance,  from  tlie  most  unconnected  facts  and  tlie 
mc«t  imperfect  speculations,  to  the  bigheat  generalization  at  wMch 
chemical  philosophers  have  yet  arrived, 

Tet  it  will  appear  to  oar  purpose  to  say  a  few  words  on  the  connex- 
ion of  this  science  with  those  of  whicli  we  are  next  to  treat ;  and  that 
I  now  proceed  to  do. 


CHAPTEU  X. 
Thansitior  from  the  Chemical  to  the  Clasbificatoky  Sciences. 

IT  is  the  object  and  the  boast  of  chemistry  to  acquire  a  knowledge 
of  bodies  which  is  more  exact  and  constant  than  any  knowledge 
borrowed  from  their  sensible  qualities  can  be ;  since  it  penetrates  into 
their  intimate  constitution,  and  discloses  to  us  the  invariable  laws  of 
their  composition.  But  yet  it  will  be  seen,  on  a  little  reflection,  that 
such  knowledge  could  not  have  any  existence,  if  we  were  not  also  atten- 
tive to  their  sensible  qualities. 

The  whole  fabric  of  chemistry  rests,  even  at  the  present  day,  upon 
the  opposition  of  acids  and  bases  :  an  acid  was  certainly  at  first  known 
by  its  sensible  qualities,  and  how  otherwise,  even  now,  do  we  perceive 
its  quality  !  It  was  a  great  discovery  of  modem  times  that  earths  and 
alkalies  have  for  their  bases  metals :  but  what  are  metals  ?  or  how, 
except  from  lustre,  hardness,  weight,  and  the  like,  do  we  recognize  a 
body  as  a  metal  ?  And  how,  except  by  such  characters,  even  before 
its  analysis,  was  it  known  to  be  an  eartii  or  an  alkali  t  We  must  sup- 
pose some  classification  established,  before  we  can  mate  any  advance 
by  experiment  or  observation. 

It  is  easy  to  see  that  aU  attempts  to  avoid  tliis  difiicnlty  by  referring 
to  processes  and  analogies,  as  well  aa  to  substance  bring  us  back  to 
the  same  point  in  a  circle  of  fellacies.  If  we  say  that  an  acid  and  alkali 
are  known  by  combining  with  each  other,  we  still  must  ask.  What  is 
Uie  criterion  that  they  have  combined  ?  If  we  say  that  the  distinctive 
qualities  of  metals  and  eattha  are,  that  mefala  become  earths  by  oxida- 
tion, we  must  stiU  inquire  how  we  I'ecogniae  the  process  oi oxidation? 
We  have  seen  how  important  a  part  combustion  plays  in  the  history 
of  chemical  speculation ;  and  we  may  usefiiUy  form  such  classes  of 
Yoi,  n.— ao. 
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bodies  as  comhusiilles  and  sujiporters  of  combustitm.  But  even  com- 
bustion  19  not  capable  of  being  infallibly  known,  for  it  passes  by  insen- 
sible shades  into  oxidation.  We  can  find  no  basis  for  our  reasonings, 
which  does  not  assume  a  classiflcatioa  of  obvious  facts  and  c[ualities. 

But  any  classification,  of  substances  on  such  grounds,  appeal^  at 
first  sight,  to  involve  «s  in  vagueness,  ambiguity,  and  contradiction. 
Po  we  really  take  the  sensible  qualities  of  an  acid  as  the  criterion  of  its 
being  an  acid  ? — for  instance,  its  sourness  ?  Prussic  acid,  arsenious  acid, 
arc  not  sour.  "I  remember,"  says  Dr.  Paris,'  "a  chemist  having  been 
exposed  to  much  ridicule  from  speaking  of  a  sweet  acid, — why  not!" 
When  Davy  had  discovered  potassium,  it  was  disputed  whether  it  was 
a  metel ;  for  though  its  lustre  and  texture  are  metallic,  it  is  so  light  as 
to  swim  on  water.  And  if  potaesium  be  allowed  to  be  a  metal,  is  silicium 
one,  a  body  which  wants  the  metallic  lustre,  and  is  a  non-conductor  of 
electricity !  It  is  clear  that,  at  least,  the  obvious  application  of  a  classi- 
fication by  physical  characters,  is  attended  with  endless  perplexitj'. 

Birt  since  we  cannot  even  b^in  our  researches  without  assuming  a 
classification,  and  since  the  forms  of  such  a  classification  which  firat 
occur,  end  in  apparent  confusion,  it  is  clear  that  we  must  look  to  our 
philosophy  for  a  solution  of  this  difficulty;  and  must  avoid  the  embar- 
rassments and  contradictions  of  casual  and  unrefleclive  classification,  by 
obtaining  a  consistent  and  philosophical  arrangement.  We  must 
employ  eirtemal  characters-  and  analogies  in  a  connected  and  systematic 
manner ;  we  must  have  Claasijkalory  Sciences,  and  these  must  have  a 
bearing  even  on  Chemistry. 

Accordingly,  the  most  philosophical  chemists  now  proceed  upon  this 
principle.  "  The  method  which  I  hive  followed  "  says  M  Thenard,  in 
his  Traiie  de  OMmie,  publ  si  ed  IS"*  s,  to  uu  te  m  one  group  all 
analogous  bodies;  and  the  alva  tage  of  th  s  meth  d  \^hich  is  that 
employed  by  naturalists,  is  cry  greit,  es;  ec  ally  n  the  study  of  the 
metals  and  their  compounl  '  In  this  as  in  all  gocd  systems  <t 
chemistry,  which  have  appeared  s  nee  the  establ  shmert  ot  the  phlogisti 
theory,  combustion,  and  the  analogous  processes,  are  one  great  element 
in  the  arrangement,  while  the  diflerence  of  metallic  and  non-metallic, 
is  another  element.  Thus  Thenard,  in  the  fii«t  place,  speaks  of  Oxygen  ; 
in  the  next  place,  of  the  Non-metallic  Combustibles,  as  Hydrogen, 
Carbon,  Sulphur,  Chlorine ;  and  in  the  nest  place,  'of  Metals.  But 
the  Metals  are  again  divided  int«  six  Sections,  with  reference,  princi- 
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pally,  to  thcu  tacilitj  cf  ^'imbmition  with,  oxygen.  Thus,  the  Krst 
Section  is  the  Metals  of  the  E'uths ;  the  Second,  the  Metals  of  the 
Alkalies ;  the  Third,  the  Easily  Oxidable  Metals,  as  Iron ;  the  Fourth, 
Metals  Less  Oxidable,  as  Copjiei  and  Lead ;  tJie  Fifth  Section  contains 
only  Mercnry  aad  Osmium ,  and  the  Sixth,  what  were  at  an  earlier 
period  t«ntted  the  Noble  Metals,  Gold,  Silver,  Platinnm,  and  others. 

How  such  principles  are  to  be  applied,  so  as  to  produce  a  definite 
and  consistent  arrangement,  will  be  explained  in  speaking  of  the  philo- 
sophy of  the  Classificatory  Sciences ;  but  there  are  one  or  two  pecu- 
liarities in  the  classes  of  bodies  thus  recognized  by  modern  chemistry, 
which  it  may  be  nseful  to  notice. 

I.  The  distinction  of  Metallic  and  Non-metallic  is  still  employed,  as 
of  fundamental  importance.  The  discovery  of  new  metals  is  so  much 
connected  with  the  inquiries  concerning  chemical  elements,  that  we 
may  notice  the  general  progress  of  snch  discoveries.  Chid,  Silver, 
Trim,  Copper,  Quicksilver,  Lead,  Tin,  were  known  from  the  earliest 
antiquity.  In  the  beginning  of  the  sixteenth  century,  mine-directors, 
like  Geoi^e  Agricola,  had  advanced  so  &r  in  practical  metallurgy,  that 
they  had  discovered  the  means  of  extracting  three  additional  metals, 
Zinc,  Bismuth,  Antimony.  After  this,  there  was  no  new  metal  disco- 
vered for  a  century,  and  then  such  discoveries  were  made  by  the  theo- 
retical chemists,  a  race  of  men  who  had  not  existed  before  Beccher  and 
Stahl,  Thns  Arsenic  and  Cobalt  were  made  known  by  Brandt,  in  the 
middle  of  the  eighteenth  century,  and  we  have  a  long  list  of  similar 
discoveries  belonging  to  the  same  period ;  Nickel,  Manganese,  and 
Tungsten,  which  were  detected  by  Cronstedt,  Gahn,  and  Scheele,  [and 
DolLuyart,  respectively ;  metals  of  a  very  different  kind.  Tellurium 
and  Molyidenum,  which  were  brought  to  light  by  Miiller,  Scheele, 
Bergman,  and  Hielm  ;  Flalinum,  which  was  known  as  early  as  1741, 
but  with  the  ore  of  which,  in  1802  and  1803,  the  Enghsh  chemists, 
Wollaston  and  Tennant,  found  that  no  less  than  four  other  new  metals 
(^Palladium,  Mhodium,  Iridium  and  Osmium)  were  associated.  Finally, 
(omitting  some  other  new  metals,)  we  have  another  period  of  disco- 
very, opened  in  1807,  by  Davy's  discovery  of  Fotassium,  and  inclnd- 
ing  the  resolution  of  all,  or  almtret  all,  the  alkalies  and  earths  into 
metallic  bases. 

[2nd  Ed.]  [^e  next  few  years  made  some,  at  least  some  conjec- 
tural, additions  to  the  list  of  simple  substances,  detected  by  a  move 
minute  scrutiny  of  known  substances.  Thorium  was  discovered  by 
Berzelius  in  1828 ;  and  Vanadium  by  Professor  Sefetrom  in  1830.     A 
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metal  name<l  Cerium,  was  diacovured  in  1803,  by  Hisiiiger  and  Berze- 
lius,  in  a  rare  Swedish  mineral  known  by  t!ie  name  of  Cent  Mosan- 
der  more  recently  has  found  combined  witJi  Cerium,  other  new  metals, 
which  he  has  called  Lanthanium,  Didymium,  Erbium,  and  Terbium  : 
M.  Klaus  has  found  a  new  metal,  Butkenium,  in  the  ore  of  Platinum  ; 
and  Rose  has  discovered  in  Tantalite  two  other  new  metals,  which  he 
has  announced  under  the  names  of  Pelopium  and  I^iohium,  Svan- 
berg  is  said  fo  have  discovered  a  new  earth  in  Eudialyt,  which  is  sup- 
posed to  have,  like  the  rest,  a  new  radical.  If  these  last  discovei'ies 
be  confirmed,  the  number  of  simple  substances  will  be  raised  to  sixtr/- 
Iwo.] 

2.  Attempts  have  been  made  to  indicate  the  classification  of  chemi- 
cal substances  by  some  peculiarity  in  the  Name  ;  and  the  Metals,  for 
example,  have  been  designated  generally  by  names  in  um,  like  the 
Latin  names  of  the  ancient  metals,  aurum,  ferrum.  This  artifice  is  a 
convenient  nomenclatni'e  for  the  purpose  of  mai-king  a  recognized  dif- 
ference ;  and  it  would  be  wortli  the  while  of  chemists  to  agree  to  make 
it  nniversal,  by  writing  molybdenwrn  and  platinaw  ;  which  is  some- 
times done,  but  not  always, 

3.  I  am  not  now  to  attempt  to  determine  how  far  this  class, — 
Metals, — extends ;  but  where  the  analogies  of  the  class  cease  to  hold, 
there  the  no'meaclatore  must  also  change.  Thus,  some  chemists,  as 
Dr.  Thomson,  have  conceived  that  the  base  of  Silica  is  more  analo- 
gous to  Carbon  and  Boron,  which  form  acids  with  oxygen,  than  it  is  to 
the  metals :  and  he  has  accordingly  associated  this  base  with  these 
substances,  and  has  given  it  the  same  termination,  Silicon.  But  on 
the  validity  of  this  analogy  chemists  appear  not  to  be  generally 
agreed. 

4.  There  is  another  class  of  bodies  which  have  attracted  much 
notice  among  modem  chemists,  and  which  have  also  been  assimilated 
to  each  other  in  the  form  of  tteir  names;  the  English  writers  calling 
them  Chlorine,  Fluorine,  Iodine,  Bromine,  while  the  French  use  the 
terms  Ohlore,  Pktore,  lode,  Brome.  We  have  already  noticed  the 
establishment  of  the  doctrine — that  muriatic  acid  is  formed  of  a  base, 
chlorine,  and  of  hydrogen, — as  a  great  reform  in  the  oxygen  theorj- ; 
with  regard  to  which  rival  claims  were  advanced  by  Davy,  and  by 
MM.  Gay-Lussac  and  Thenard  in  1809.  Iodine,  a  remarkable  body 
which,  from  a  dark  powder,  is  converted  into  a  violet-colored  gas  by 
the  apphcation  of  heat,  was  also,  in  1813,  the  subject  of  a  similar 
rivalry  between  the  same  English  and  French  chemists.      Bromine 
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was  only  discovered  as  late  as  1830  ;  and  Fluorine,  oi'  Fhtore,  as,  from 
its  destiTUctive  nature,  it  has  been  proposed  to  term  it,  has  not  been 
obtained  as  a  separate  substance,  and  is  inferred  to  exist  by  analogy 
only.  The  analogies  of  the^e  bodies  (CMore,  Phtore,  &c.)  ai-e  veiy 
peculiar;  for  instance,  by  eombmation  with  metals  they  form  sato  ; 
by  combination  with  hjdiogen  they  form  very  strong  acids ;  and  all, 
at  the  common  temperature  of  the  atmosphere,  operate  on  other  bodies 
in  the  most  cnet^etic  manner.  Eeizelius'  proposes  to  call  them  halo- 
gertous  bodies,  or  halogenes. 

5.  The  number  of  Elementary  Substances  which  are  at  present  pre- 
sented in  our  treatises  of  chemistry*  is  ffty-three,  [or  rather,  as  we  tave 
said  above,  sixly-iwo^  It  is  naturally  often  asked  what  evidence  we 
have,  that  all  these  are  eleTnentary,  and  what  evidence  that  they  are 
all  the  elementary  bodies ; — how  we  know  that  new  elements  may  not 
hereafter  be  discovered,  or  these  supposed  simple  bodies  resolved  into 
simpler  still  ?  To  these  questions  we  can  only  answer,  by  referring  to 
the  history  of  chemistry ; — by  pointing  out  what  chemists  have  under- 
stood by  analysis,  according  to  the  preceding  narrative.  They  have 
considered,  as  the  analysis  of  a  substance,  that  elemeutai'y  constitution 
of  it  which  gives  the  only  intelligible  explanation  of  the  results  of 
chemical  manipulation,  and  which  is  proved  to  be  complete  as  to  qiian- 
tJty,  by  the  balance,  since  the  whole  can  only  be  equal  to  all  its  parts. 
It  is  impossible  to  maintain  that  new  substances  may  not  hereafter  bo 
discovered;  for  they  may  lurk,  even  in  iiuniliar  substances,  in  doses  so 
minute  that  they  have  not  yet  been  missed  amid  the  inevitable  slight 
inaccuracies  of  all  analysis;  in  the  way  in  which  iodine  and  bromine 
remained  so  long  undetected  in  scarwater ;  and  new  minerals,  or  old 
ones  not  yet  sufficiently  examined,  can  hardly  fail  to  add  something  to 
our  list.  As  to  the  possibility  of  a  further  analysis  of  our  supposed 
simple  bodies,  we  may  venture  to  say  that,  in  regard  to  such  supposed 
simple  bodies  as  compose  a  numerous  and  well-charaeterized  class,  no 
such  step  can  be  made,  except  through  some  great  change  in  chemical 
theory,  which  gives  us  a  new  view  of  all  the  general  relations  which 
chemistry  has  yet  discovered.  The  proper  evidence  of  the  reality  of 
any  supposed  new  analysis  is,  that  it  is  more  consistent  with  the  known 
analogies  of  chemistry,  to  suppose  the  process  analytical  than  synthe- 
tical. Thus,  as  has  already  been  said,  chemists  admit  the  existence  of 
fluorine,  from  the  analogy  of  chlorine;  and  Davy,  when  it  was  found 


'  Turner,  p.  971. 
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that  ammonia  formed  an  amalgam  with  merciiiy,  was  tempted  to  assign 
to  it  a  metallic  basis.  But  then  he  again  hesitates,'  and  doubts  whether 
the  analogies  of  our  tnowledge  are  not  better  preserved  by  supposing 
that  ammonia,  as  a  compound  of  hydrogen  and  another  principle,  is 
"  a  type  of  the  composition  of  the  metals." 

Our  history,  wliich  is  tie  hJstoiy  of  what  we  know,  has  little  to  do 
with  such  conjectures.  There  are,  however,  some  not  unimportant 
principles  which  hcai"  upon  them,  and  which,  as  they  are  usually  em- 
ployed, belong  to  the  science  which  next  comes  under  our  review, 


^Mem.  Okem.  Phil.  1812,  p.  481. 
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Now,  if  the  bold  but  pious  thought  be  thine, 
To  reach  onr  spacious  temple's  inner  shrine, 
Take  in  fJiy  reverent  hands  the  crystal  Btono, 
Wlere  heavenly  light  in  earthy  shroud  is  shown : — 
Where,  moulded  into  meaaaied  form,  with  rays 
Comples  yet  clear,  the  eternal  Ether  plays ; 
This  if  thou  firmly  hold  and  tightly  use, 
Not  long  the  gods  thy  ardent  wish  refuse. 
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Sect.  1. — Of  ike  Classificatory  Sciences. 

rriHE  homoa  of  the  sciences  spreads  wider  and  wider  before  us,  a.s 
•*■  we  advance  in  our  task  of  taking  a  survey  of  the  vast  domain. 
"We  have  seeu  that  the  existence  of  Chemistry  as  a  science  which 
declares  the  ingredients  and  raseutial  constitution  of  all  kinds  of 
bodies,  implies  tke  existence  of  another  corresponding  science,  which 
shall  divide  bodies  into  kinds,  and  point  out  steadily  and  precisely 
what  bodies  they  ai-e  which  we  have  analysed.  But  a  science  thus 
dividing  and  defining  bodies,  is  but  one  member  of  an  order  of 
sciences,  different  from  those  which  we  have  hitherto  described; 
namely,  of  the  classificatory  sciences.  Such  sciences  there  must  be, 
not  only  having  reference  to  the  bodies  with  which  chemistry  deals, 
but  also  to  all  things  respecting  which  we  aspire  to  obtain  any  gene- 
ral knowledge,  as,  for  instance,  plants  and  animals.  Indeed  it  will 
be  found,  that  it  is  with  regard  to  these  latter  objects,  to  organized 
beings,  that  the  process  of  scientific  classification  has  been  most  suc- 
cessfully exercised;  while  with  regard  to  inoiganic  substances,  the 
formation  of  a  satisfeotory  system  of  arrangement  has  been  found 
extremely  diflicult ;  nor  has  the  necessity  of  such  a  system  been  recog- 
nised by  chemists  so  distinctly  and  constantly  as  it  ought  to  be. 
The  best  exemplification  of  tliese  branches  of  knowledge,  of  which  we 
now  have  to  speak,  will,  therefore,  be  found  in  the  organic  world,  in 
Botany  and  Zoology ;  but  we  will,  in  the  fii-st  plaee,  take  a  brief  view 
of  the  science  which  classifies  inorganic  bodies,  and  of  which  Minera- 
logy is  hitherto  the  very  imperfect  representative. 

The  principles  and  rules  of  the  Classificatory  Sciences,  as  well  as  of 
those  of  the  other  orders  of  sciences,  must  be  fully  explained  when  we 
come  to  treat  of  the  Philosophy  of  the  Sciences  •  and  cannot  be  intro- 
duced here,  where  we  have  to  do  with  hist  ry  only.  But  I  may 
observe  very  briefly,  that  with  the  p  oc  ss  t  its  ^,  is  joined  the 
process  of  naming; — that  names  imply  las  fi  at  on  — and  that  even 
the  rudest  and  earliest  application  of  lang  a^e  p  upposes  a  distribu- 
tion of  objects  according  to  their  kin  1    — but  that       h  a  spontaneous 


d  by  Google 


314  HISTOET  OF  MINERALOGY. 

and  unaistPiintic  distnlutirn  cannot,  in  the  ciscs  up  nrw  Live  to 
conaidei,  iiibwer  the  purposes  of  exact  nnd  gener«il  tnowlpilge  Om 
clissification  of  ohje  ts  must  be  made  consistent  and  systematic,  m 
itder  to  be  scientific',  we  must  dia''o\ci  mirts  ind  characters,  pi' 
perties  and  conditions  which  aie  constant  in  their  OLCurrence  and 
relations,  we  must  iorm  our  clase.es,  we  must  impose  cur  names, 
iccoiding  to  such  mirks  We  can  thus,  and  thus  alone,  aruve  it  that 
precise,  certain,  ind  sjstematic  knowledge,  which  ne  seek,  that  i".  at 
science  The  object,  then,  ot  the  Uissificatory  sciences  is  tj  obtain 
FIXED  CHARACTERS  ot  the  kinds  of  things ,  and  the  cnteuun  ot  the 
fitness  of  names  i',  that  they  make  oenebal  PROPOBiTioifs  possible 

I  proceed  to  review  the  progress  of  certain  sciences  on  these  pnnci- 
ples,  and  fiist,  though  briefly,  the  science  of  Mineralogy. 

Sect.  2.— Of  Mineralogy  as  the  Awdytico-dassijicatory  Science. 

MiHBEALOGY,  as  it  has  hitherto  been  cultivated,  is,  as  I  have  already 
said,  an  imperfect  representative  of  the  department  of  human  tnow- 
ledge  to  whicb  it  belong  The  attempts  at  the  science  have  gene- 
rally been  made  by  collecting  various  kinds  of  information  respecting 
mineral  bodies ;  but  the  science  which  we  require  is  a  complete  and 
consistent  classified  system  of  all  inorganic  bodies.  For  chemistry 
proceeds  upon  the  principle  that  the  constitution  of  a  body  invariably 
determines  its  properties ;  and,  consequently,  its  kind ;  but  we  cannot 
apply  this  principle,  except  we  can  speak  with  precision  of  the  kind 
of  a  body,  as  well  as  of  its  composition.  We  cannot  attach  any  sense 
to  the  assertion,  that  "soda  or  baryta  has  a  metal  for  its  base,"  except 
we  know  what  «  metal  is,  or  at  least  what  properties  it  implies.  It 
may  not  be,  indeed  it  is  not,  possible,  to  define  the  kinds  of  bodies  by 
words  only ;  but  the  classification  must  proceed  by  some  constant  and 
generally  applicable  process;  and  the  knowledge  which  has  reference 
to  the  classification  will  be  precise  as  far  as  this  process  is  precise,  and 
vague  as  far  as  this  is  vague. 

There  must  be,  then,  as  a  necessary  supplement  to  Chemistry,  a 
Science  of  those  properties  of  bodies  by  which  we  divide  them  into 
kinds.  Mineralogy  is  the  branch  of  knowledge  which  has  dischargedthe 
office  of  such  a  science,  so  far  as  it  has  been  diachai^d ;  and,  indeed. 
Mineralogy  has  been  gi-adually  approaching  to  a  clear  consciousness 
of  her  real  place,  and  of  her  whole  task  ;  I  shall  give  the  history  of 
some  of  the  advances  which  have  thus  been  made.   They  are,  principallj-, 
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the  establishment  and  use  of  External  Characters,  especially  of  Crys- 
tallinB  form,  as  a  fixed  character  of  definite  substances ;  and  the 
attempts  to  bring  jnto  view  the  connexion  of  Chemical  Constitution 
and  External  Properties,  made  in  the  shape  of  mineralogieal  Systems  ; 
both  those  in  ivLich  chemical  metliods  of  arrangement  are  adopted,  and 
those  which  profess  to  classify  by  the  natural-history  method. 
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CHAPTER  I. 
Prklude  to  the  Epoch  op  De  Lisle  ash  Hauy. 

OF  all  tlie  physical  properties  of  todies,  tUere  is  none  so  fixdl,  aTi<l 
in  every  way  so  remarkable,  as  this; — that  the  same  chemical 
compound  always  tesumes,  with  tho  utmost  precision,  the  same  geo- 
metrical form.  This  identity,  however,  is  not  immediately  obvious ; 
it  is  often  obscored  by  various  mixtures  and  imperfections  in  the  sub- 
stance ;  and  even  when  it  is  complete,  it  is  not  immediately  recognized 
by  a  common  eye,  since  it  consists,  not  in  the  equality  of  the  sides  or 
iaces  of  the  figures,  but  in  tie  equality  of  their  angles.  Hence  it  is 
not  surprising  that  the  constancy  of  form  i  t  d  t    t  d  by  the 

early  observers.  Pliny  says,'  "  Why  crystal  g  t  i  n  a  hexa- 
gonal form,  it  is  difficult  to  assign  a  reason ;  a  1  t!  m  ,  since, 
while  its  faces  are  smoother  than  any  art  can  n  k  tL  tl  e  pyra- 
midal points  are  not  all  of  the  same  kind."  Th  q  t  r>  t  Is  of  the 
Alps,  to  which  he  refers,  are,  in  some  specim  s,  y  g  la  ,  while 
in  otJiers,  one  side  of  the  pyramid  becomes  much  the  laigest ;  yet  the 
angles  remain  constantly  the  same.  But  when  the  whole  shape  varied 
so  much,  the  angles  also  seemed  to  vary.  Thus  Conrad  Gessner,  a 
very  learned  naturalist,  who,  in  1664,  published  at  Zurich  his  work, 
De  rerum  J'ossilium,  Lapidum  el  Gemmarum  maxime,  Fiffuns,  says,' 
"  One  crystal  differs  from  another  in  its  angles,  and  consequently  in 
its  figure."  And  Ciesalpinus,  who,  as  we  shall  find,  did  so  much  in 
establishing  fixed  characters  in  botany,  was  led  by  some  of  his  general 
views  to  disbelieve  the  fixity  of  the  form  of  crystals.  In  his  work  De 
Afetoilicis,  published  at  Nuremberg  in  1602,  he  says,'  "  To  ascribe  to 
inanimate  bodies  a  definite  form,  does  not  appear  consentaneous  to 
reason  ;  for  it  is  the  office  of  organization  to  produce  a  definite  form  ;" 

'  jV"fl(.  Jlisl.  xsvii,  2.  '  p.  25.  =  p,  97. 
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an  opinion  very  iiatuval  in  one  who  liad  been  immei'sed  in  the  study  of 
the  general  analogies  of  the  forms  of  plants.  But  thongh  this  is  ex- 
euaable  in  Cresalpinus,  the  rejection  of  this  definitene^a  of  form  si 
hundred  years  later,  when  its  existence  had  been  proved,  and  its  laws 
developed  by  nnrekerons  observers,  cannot  be  ascribed  to  anything  but 
strong  prejudice ;  yet  this  was  the  course  taken  by  no  less  a  pei'son 
than  Enffon.  "  The  fonn  of  cryst-allization,"  says  he,'  "  is  «o(  et  con- 
stant character,  but  is  more  equivocal  and  more  variable  than  any 
other  of  the  chai'acters  by  which  minerals  are  to  be  distinguished." 
And  accordingly,  he  makes  no  use  of  this  most  important  featnre  in 
his  history  of  minerals.  This  strange  perverseness  may  perhaps  be 
ascribed  fc  the  dislike  which  BuiFon  is  said  to  have  entertained  foi' 
Linnseus,  who  had  made  crystalline  form  a  leading  character  of  mine- 
rals. 

It  is  not  necessary  to  mark  all  the  minute  steps  by  which  mineralo- 
gists were  gradually  led  to  see  clearly  the  nature  and  laws  of  the  fixity 
of  crystalline  forms.  These  forms  were  at  first  noticed  in  that  substance 
which  is  peculiarly  called  rock-crystal  or  quartz;  and  afterwards  in 
various  stones  and  gems,  in  salts  obtained  fi-om  vaiioua  solutions,  and 
in  snow.  But  those  who  ol«erved  the  remarkable  regular  figures 
which  these  substances  assume,  were  at  firet  impelled  onwards  in  their 
speculations  by  the  natural  tendency  of  the  human  mind  to  generalize 
and  guess,  i-ather  than  to  examine  and  measure.  They  attempted  to 
snatch  at  once  the  general  laws  of  geometrical  regnlarity  of  these 
occnrrenees,or  to  connect  them  with  some  doctrine  concerning  foniiative 
causes.  Thus  Eepler,'  in  his  Harmonica  of  the  World,  assorts  a  "  forwM- 
h-ix  facultae,  which  has  its  seat  in  the  entrails  of  the  earth,  and,  after 
the  manner  of  a  pregnant  woman,  expresses  the  five  regular  geometri- 
cal solids  in  the  forms  of  gems."  But  Philosophers,  in  the  coai'se  of 
time,  came  to  build  more  upon  observation,  and  less  upon  abstract 
reasonings.  Nicolas  Stflno,  a  Dane,  published,  in  1669,  a  dissertation 
De  Solido  intra  Solidum  Naturaliter  amtento,  in  which  he  says,'  that 
though  the  sides  of  the  hexagonal  crystal  may  vary,  ihe  avgles  are  not 
changed.  And  Dominic  Gulielmini,  in  a  Dissertation  on  Salts. 
published  in  170T,  says,'  in  a  true  inductive  spirit,  "Nature  does  not 
employ  all  figures,  but  only  certain  ones  of  those  which  arc  possible  ; 
and  of  these,  the  determination  is  not  to  be  feU.'hed  from  the  brain,  or 
proved  &  priori,  but  obtained  by  experiments  and  obsen-ations."     And 

'  Hist,  des  Min.  p,  Si3.  "  Linz.  161&,  \'.  le:  "  p.  f-P.  '  l>.  13. 
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lie  speaks'  with  fntiie  decision  on  this  subject :  "  Kevertheless  since 
there  is  here  a  piinciple  of  crystallization,  the  inclination  of  the  planes 
and  of  the  angles  is  always  constant."  He  even  anticipates,  very 
nearly,  the  views  of  later  crystaUographers  as  to  the  mode  in  which 
crystals  are  formed  from  elementary  molecules.  Fi-om  this  time,  many 
persons  lahored  and  speculated  on  this  subject ;  as  Cappeller,  whose 
Prodromus  Crystallographice  appeared  at  Lucem  in  172S  ;  Bouiguet, 
who  published  Lettres  Fhilosopkiques  sur  la  Formation  de  Sels  et  de 
Criitaux,  at  Amsterdam,  in  1702;  and  Henckel,  the  "  Physicus  "  of 
the  Elector  of  Saxony,  whose  Pyritofo^'ti  came  forth  in  1725.  In  this 
last  wort  we  have  an  example  of  the  description  of  the  various  forms 
of  special  classes  of  minerals,  (iron  pyrites,  copper  pyrites,  and  arsenic 
pyrites  ;)  and  an  example  of  the  enthusiasm  which  this  apparently  dry 
andlahoriousstudy  can  excite:  "Neither  tongue  nor  stone,"  heexclaimB,^ 
"  can  express  the  satisfection  which  I  received  on  setting  eyes  upon  this 
sinter  covered  with  galena;  and  thus  it  constajitly  happens,  that  one 
mnst  have  more  pleasure  in  what  seems  worthless  nibbish,  than  in 
the  purest  and  most  precious  ores,  if  we  know  aught  of  minerals." 

Still,  however,  Henctel"  disclaims  the  intention  of  arranging  mine- 
rals according  to  their  mathematical  forms ;  and  this,  which  may  he 
considered  as  the  first  decided  step  in  the  formation  of  crj-stallographic 
mineralogy,  appears  to  have  been  first  attempted  by  Linnseus.  In  this 
attempt,  however,  he  was  by  no  means  happy  ;  nor  does  he  himself 
appear  to  have  been  satisfied.  He  begins  his  preface  by  saying, 
"  Lithology  is  not  what  I  plume  myself  upon."  {LUhologta  mihi  cris- 
tas non  ei-iffei.)  Though  his  sagaeity,  as  a  natural  historian,  led  him 
to  see  that  crystalline  form  was  one  of  the  most  definite,  and  therefore 
most  important,  characters  of  minerals,  he  failed  in  profiting  by  this 
thought,  because,  in  applying  it,  he  did  not  employ  the  light  of  geome- 
try, but  was  regulated  by  what  appeared  to  him  resemblances, 
arbitrarily  selected,  and  often  delusive,"  Thus  he  derived  the  form  of 
pyrites  from  that  of  vitriol ;"  and  brought  together  alum  and  diamond 
on  account  of  their  common  octohedral  form.  But  he  had  the  great 
merit  of  animating  to  this  study  one  to  whom,  more  perhaps  than  to 
any  other  person,  it  owes  its  subsequent  progress;  I  mean  EomS  de 
Lisle.  "  Instructed,"  this  writer  says,  in  his  preface  to  his  Sssais  de 
Crystallographie, "  by  the  works  of  the  celebrated  Von  Linnee,  how 


"  p.  83.  '  p.  313.  '"  p.  167.  "  Mfirx.  Gesdi.  p,  97. 

"  SyH.  Nat.  vi.  p.  220. 


d  by  Google 


PRELUDE  TO  THE  EPOCH  OF  DE  LISLE  AHD  HAUY.     319 

greatly  the  study  of  the  angular  foi-m  of  crystals  might  become 
interesting,  and  fitted  to  extend  the  sphere  of  our  mineral  ogieal  know- 
ledge, I  have  followed  them  in  all  their  metainorphoses  with  the  most 
scrupulous  attention."  The  -views  of  Linnsus,  as  to  the  importance  of 
this  character,  had  indeed  heen  adopted  by  several  others ;  aa  John 
Hill,  the  Ifing's  gardener  at  Eew,  who,  in  1777,  published  his  S^atko- 
ffenesia;  and  Grignon,  who,  in  1775,  says,  "These  crystallizations 
may  give  the  means  of  finding  a  new  theory  of  the  generation  of  ciys- 
taOine  gems." 

The  circumstance  which  threw  so  much  difficulty  in  the  way  of 
those  who  tried  to  follow  out  his  thought  was,  tliat  in  consequence  of 
the  apparent  irregularity  of  crystals,  arising  from  the  extension  or 
contraction  of  particular  sides  of  the  figure,  each  kind  of  substance 
may  really  appear  under  many  different  forms,  connected  with  each 
other  by  certain  geometrical  relations.  These  may  he  conceived  hy 
conddering  a  certain  fundamental  form  to  be  cut  into  new  forms  in 
particular  ways.  Thus  if  we  take  a  cube,  and  cut  off  all  the  eight 
corners,  till  the  original  faces  disappear,  we  make  it  an  octohedron; 
and  if  we  stop  short  of  this,  we  have  a  figure  of  fourteen  faces,  which 
has  been  called  a  cubo-octohedron.  The  first  person  who  appears  dis- 
tinctly to  have  conceived  this  truncation,  of  angles  and  edges,  and  to 
have  introduced  the  word,  ia  Demeste;"  although  WaJlerius'*  had 
already  said,  in  speaking  of  the  various  crystalline  forms  of  calcspar, 
"  I  conceive  it  would  be  better  not  to  attend  to  all  differences,  lest  we 
be  ovenvhelmed  by  the  number."  And  Werner,  in  his  celebrated 
work  On  the  External  Characters  of  Minerak,"  had  foiinaily  spoken 
of  truncation,  acuation,  and  acuminaiion,  or  replacement  by  a  plane, 
an  edge,  a  pomt  respectively,  {abstump/ufiff,  zuscharfung,  empitiung^ 
as  ways  in  which  the  forms  of  crystals  are  modified  and  often  dis- 
guised. He  applied  this  process  in  particular  to  show  the  connexion 
of  tie  various  forms  which  are  related  to  the  cube.  But  still  the 
extension  of  the  process  to  the  whole  range  of  minerals  and  other 
ciystalline  bodies,  was  due  to  Rome  de  Lisle, 


"  ieifres,  1779,  i  48.  "  Systema  Mineralogiewm,  1772-5,  i.  US. 

"  Leipzig,  1774. 
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Epoch  0¥  EomS  ns  Lisle  and  Hauy.— EsiABUSHifENT  of  the 
FixiiT  Off  Crystalhnk  Asgles,  akd  tub  Simplicity  of  the 
Laws  of  Dbbivation. 

¥E  have  already  seen  that,  before  1780,  several  mineralogists  had 
■■ecognized  the  constancy  of  the  angles  of  crystals,  and  had  seen 
(as  DSmeste  and  "Werner,)  that  the  forms  were  subject  to  modifications 
of  a  definite  kind.  But  neither  of  theae  two  thoughts  was  so  appre- 
hended and  so  developed,  as  to  supersede  the  occasion  for  a  discoverer 
who  should  put  forward  these  principles  as  what  they  reaUy  were,  the 
materials  of  a  new  and  complete  science.  The  merit  of  this  step 
belongs  jointly  to  Eom6  de  Lisle  and  to  Hauy.  The  former  of  these 
two  men  had  already,  in  17T2,  published  an  Msai  de  Orystallographie, 
in  which  he  had  dracribed  a  number  of  crystals.  But  in  this  work 
his  views  are  still  rude  and  vague ;  he  does  not  establish  any  con- 
nected sequence  of  transitions  in  each  tind  of  substance,  and  lays 
little  or  no  stress  on  the  angles.  But  in  1783,  his  ideas'  had  reached 
a  maturity  which,  by  comparison,  excites  our  admiration.  In  this  he 
asserts,  in  the  most  distinct  manner,  the  invariability  of  the  angles  of 
ciystals  of  each  kind,  under  all  the  changis  of  relative  dimension 
which  the  faces  may  undergo;'  and  he  points  out  that  this  invari- 
ability applies  only  to  the  primitive  foiim,  from  each  of  which  many 
secondary  forms  are  derived  by  various  changes."  Thus  we  cannot 
deny  him  the  merit  of  having  taken  steady  hold  on  both  the  handles 
of  this  discovery,  thongh  something  stiU  remained  for  another  to  do. 
liome  purauea  his  general  ideas  into  detail  with  great  labor  and  skill. 
He  gives  drawings  of  more  than  five  hundred  regular  foims  (in  his 
first  work  he  had  inserted  only  one  hundred  and  ten ;  Linnfcus  only 
knew  forty) ;  and  assigns  them  to  tlieir  proper  snbstances ;  for  in- 
stance, thirty  to  calcspar,  and  sixteen  to  felspar.  He  also  invented 
and  used  a  goniometer.     We  cannot  doubt  that  he  would  have  been 

'  Cnalallop'aphie,  ou  DescHpHon  de  Formes  propres  d  tout  lee  Corps  du 
Regne  Minlral.     S  vols,  and  1  vol.  of  plates. 
=  p.  6E.  =  p.  13. 
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looked  upon  as  a  great  discoverer,  if  his  fame  had  not  been  dimmed 
by  the  more  brilliant  snccesa  of  his  contemporary  Hatty. 

R^n6-Just  Hatty  is  rightly  looked  upon  as  the  founder  of  the 
modem  school  of  crystallography ;  for  all  those  who  have,  since  him, 
puiBued  the  study  with  success,  have  taken  his  views  for  their  basis. 
Besides  publishing  a  sj'stem  of  crystallography  and  of  mineralogy,  far 
more  complete  than  any  which  had  yet  appeared,  the  peculiar  steps  in 
the  advance  which  belong  to  him  are,  the  discovery  of  the  importance 
of  cleavage,  and  the  coDsequent  expression  of  the  laws  of  denvation 
of  secondaty  from  primary  forms,  by  means  of  the  decrements  of  the 
successive  layers  of  integrant  molecules. 

The  latter  of  these  discoveries  had  already  been,  in  some  measure, 
anticipated  by  Bergman,  who  had,  in  17T3,  coBceived  a  hexagonal 
prism  to  be  built  up  by  the  juxtaposition  of  solid  rhombs  on  the 
planes  of  a  rhombic  nucleus.'  It  is  not  clear'  whether  Hatty  was 
acquainted  with  Bergman's  Memoir,  at  the  time  when  the  cleav- 
age of  a  hexagonal  prism  of  calcspar,  accidentally  obtained,  led  him 
to  the  same  conception  of  its  structure.  But  however  this  might  be, 
he  had  the  indisputable  credit  of  following  out  this  conception  with 
all  the  vigor  of  originality,  and  with  the  most  laborious  and  persever- 
ing earnestness ;  indeed  he  made  it  the  business  of  his  life.  The 
hypothesis  of  a  solid,  built  up  of  small  solids,  had  this  peculiar  advan- 
tage in  reference  to  crystallography  ;  it  rendered .  a  reason  of  this 
curious  feet ; — that  a  certain  series  of  foi-ms  occur  in  crystals  of  the 
same  kind,  while  other  forms,  apparently  intermediate  between  those 
which  actually  occur,  are  rigorously  excluded.  The  doctrine  of  decre- 
ments explained  this ;  for  by  placing  a  number  of  regularly-decreasing 
rows  of  equal  solids,  as,  for  instance,  of  bricks,  upon  one  another,  we 
might  form  a  regular  equal-sided  triangle,  as  the  gable  of  a  house ; 
and  if  the  breadth  of  the  gable  were  one  hundred  bricks,  the  height 
of  the  triangle  might  be  one  hundred,  or  fifty,  or  twenty-five  ;  but  it 
would  be  found  that  if  the  height  wore  an  intermediate  number,  as 
fifty-seven,  or  forty-three,  tlie  edge  of  the  wall  would  become  in-egu- 
lar;  and  such  irregularity  is  assumed  to  be  inadmissible  in  the  regulai' 
structure  of  crystals.  Thus  this  mode  of  conceiving  crystals  allows  of 
certain  definite  secondary  forms,  and  no  others. 

The  mathematical  deduction  of  the  dimensions  and   pvoportions 

'  De  Mrmia  Oryslaltorum.    Hov.  Act.  Reg.  Soo,  Sc.  D"p3,  lT73. 
'  TraiU  de  Minir.  1828,  i.  15. 
Vol.  11—21. 
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'  forms ; — the  invention  of  a  notation  to  express 
them ; — the  examination  of  the  whole  mineral  kingdom  in  accordanc« 
with  theae  views; — the  production  of  a  work'  in  which  they  are 
explained  with  singolar  clearness  and  vivacity  ; — arc  services  by  which 
Hatty  richly  earned  the  admiration  which  has  been  bestowed  upon 
him.  The  wonderfnl  eopiousneea  and  variety  of  the  forms  and  laws 
to  which  he  was  led,  thoroughly  exercised  and  nourished  the  spirit 
of  deduction  and  calculation  which  his  discoveries  excited  in  him. 
The  reader  may  form  some  conception  of  the  extent  of  his  labors,  by 
being  told — that  tlio  mere  geometrical  propositions  which  he  found  it 
necessary  to  premise  to  his  special  descriptions,  occupy  a  volume  and 
a  half  of  his  work ; — that  his  di^-aras  are  nearly  a  thousand  in 
number; — that  in  one  single  substance  (calcspar)  he  has  described 
forty-seven  varieties  of  form ;— and  that  he  has  described  one  kind  of 
crystal  (called  by  him  /«■  sulfuri  paralUUque)  which  has  one  hun- 
dred and  thirty-four  feces. 

In  the  course  of  a  long  life,  ho  examined,  with  considerable  care, 
all  the  forms  he  could  procure  of  all  kinds  of  mineral ;  and  the  inter- 
pretation which  he  gave  of  the  laws  of  those  forms  was,  in  many  cases, 
fixed,  by  means  of  a  name  applied  to  the  mineral  iu  which  the  foi-m 
occurred;  thus,  he  introduced  such  names  as  equiaxe,  mHastatiqv,e, 
uniUnaire,  perihexahMn,  bimltei-ne,  and  others.  It  is  not  now  de- 
sirable to  apply  separate  names  to  the  different  forms  of  the  same 
mineral  species,  but  these  terms  answered  the  purpose,  at  the  time,  of 
making  ttie  subjects  of  study  more  definite.  A  symbolical  notation  is 
the  more  convenient  mode  of  designating  such  forms,  and  such  a 
notation  Hauy  invented ;  but  the  symbols  devised  by  him  had  many 
inconveniences,  and  have  since  been  superseded  by  the  systems  of 
other  crystallograpbei's. 

Another  of  HaUy's  leading  merits  was,  as  we  have  already  intimated, 
to  have  shown,  more  clearly  than  Ibis  predecessors  had  done,  that  tlie 
ciystalline  angles  of  substances  are  a  criterion  of  the  substances ;  and 
that  this  is  peculiarly  true  of  the  anffles  of  cleavage; — that  is,  the 
angles  of  those  edges  which  are  obtained  by  cleaving  a  crystal  in  two 
different  directions ; — a  mode  of  division  which  the  structure  of  many 
kinds  of  crystals  allowed  him  to  execnte  in  tlie  most  complete  manner. 
As  an  instance  of  the  employment  of  this  criterion,  I  may  mention 
his  separation  of  the  sulphates  of  baiyta  and  strontia,  which  had 

"  Ih-ailS  de  Minirtdogie,  1801,  5  vols. 
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previously  been  confounded.  Among  crystals  whicii  in  tlic  collectioDs 
wers  ranted  togetier  as  "heavy  spar,"  and  which  were  so  perfect  as 
to  admit  of  accurate  measurement,  he  found  that  those  which  were 
brought  from  Sicily,  and  those  of  DeibyBhire,  differed  in.  tieir  cleavage 
angle  by  three  degrees  and  a  half.  "  I  could  not  suppose,"  he  says,' 
"  that  this  difference  wag  the  effect  of  any  law  of  decrement ;  for  it 
would  have  been  necessary  to  suppose  so  rapid  and  complex  a  law, 
that  such  an  hypothesis  might  have  been  justly  regarded  as  aa  abuse 
of  the  theory,"  He  was,  therefore,  iu  great  perplexity.  But  a  little 
while  previous  to  this,  Klaproth  had  discovered  that  there  is  an  earth 
which,  thongh  in  many  respects  it  resembles  baryta,  is  different 
from  it  in  other  respects ;  and  this  earth,  from  the  place  where  it  was 
found  (in  Scotland),  had  been  named  Strontia.  The  French  chemists 
had  ascertained  that  the  two  earths  had,  in  some  cases,  been  mixed  or 
confounded  ;  and  Vauquelin,  on  examining  the  Sicilian  crystals,  found 
that  their  base  -was  stronti'i,  and  not,  as  in  the  Derbyshire  ones, 
baryta.  The  riddle  \s  aa  now  read ,  all  the  crystals  with  the  larger 
angle  belong  to  the  one,  all  those  with  the  smaller,  to  the  other,  of 
these  two  snlphates ,  and  crystallometry  was  clearly  recognized  aa  an 
authorized  test  of  the  differeme  of  substances  which  nearly  resemble 
each  other. 

Enough  has  been  said,  probably,  to  enable  the  reader  to  judge  how 
much  each  of  the  two  persons,  now  under  review,  contributed  to  crys- 
tallography. It  would  bo  unwise  to  compare  such  contribntions  to 
science  with  the  great  discoveries  of  astronomy  and  chemistry ;  and 
we  have  seen  how  nearly  the  predecessors  of  Rome  and  Hafiy  had 
reached  the  point  of  knowledge  on  which  these  two  oryatallographers 
took  their  stand.  But  yet  it  is  impossible  not  to  allow,  that  in  these 
discoveries,  which  thns  gave  form  and  substance  to  the  science  of  crys- 
tallography, we  have  a  manifestation  of  no  common  sagacity  and  skill. 
Here,  as  in  other  discoveries,  were  required  ideas  and  fects ; — clearness 
of  geometrical  conception  which  could  deal  with  most  complex  rela- 
tions of  form  ;  a  minute  and  extensive  acquaintance  with  actual  crys- 
tals ;  and  the  talent  and  habit  of  referring  these  facts  to  the  general 
ideas.  Hatty,  in  particular,  was  happily  endowed  for  his  tast.  With- 
out being  a  great  mathematician,  he  was  sufficiently  a  geometer  to 
solve  all  the  problems  which  his  undertaking  demanded ;  and  though 
the  mathematical  reasoning  might  have  been  made  more  compendious 
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by  one  who  wta  more  at  tome  in  mathematical  generalization,  pi'oba- 
bly  this  could  hardly  have  been  done  without  making  the  subject  less 
accessible  and  less  attractive  to  persons  moderately  disciplined  in  ma- 
thematics. In  all  his  reasonings  npon  particular  eases,  Hatiy  is  aeuto 
and  clear ;  while  his  general  views  appew  to  be  suggested  rather  by  a 
lively  fancy  than  by  a  sage  inductive  spirit :  and  though  he  thus  misses 
the  character  of  a  great  philosopher,  the  vivacity  of  style,  and  felicity 
and  happiness  of  illustration,  which  grace  his  boot,  and  whicli  agree 
well  with  the  chai-acter  of  an  Abb6  of  tlie  old  R-ench  monarchy,  had 
a  great  and  useful  influence  oa  the  progress  of  the  subject. 

"UnfovtuBately  Ecme  de  Lisle  and  HaSy  were  not  only  rivals,  but 
in  some  measure  enemies.  The  fonner  might  naturally  feel  some 
vexation  at  finding  himself  in  his  later  years  (he  died  in  1790),  thrown 
into  shade  by  his  more  briUiant  successor.  In  reference  to  Hady's  use 
of  cleavage,  he  speaks'  of  "  innovators  in  crystall<^raphy,  who  may 
properly  be  called  ciystaUoclaats."  Yet  he  adopted,  in  great  measure, 
the  same  views  of  the  formation  of  crystals  by  laminse,'  which  HaUy 
illustrated  by  the  destructive  process  at  which  ho  thus  sneers.  His 
sensitiveness  was  kept  alive  by  the  conduct  of  the  Academy  of  Sciences, 
which  toot  no  notice  of  him  and  his  labors;"  probably  because  it  was 
led  hj  Eaffon,  who  disliked  Linnfeus,  and  might  dielike  Rome  as  his 
follower ;  and  who,  as  we  have  seen,  despised  crystallography.  Haliy 
revenged  himself  by  rarely  mentioning  EomS  in  bis  works,  though  it 
was  manifest  that  his  obligations  to  him  were  immense ;  and  by  record- 
ing his  error's  while  lie  corrected  them.  More  fortunate  than  his  rival, 
Hauy  was,  from  the  first,  received  with  favor  and  applause.  His  lec- 
tures at  Paris  were  eagerly  listened  to  by  persons  ftx)m  all  quarters  of 
the  world.  His  views  were,  in  this  maimer,  speedily  diffused ;  and  the 
subject  was  soon  pursued,  in  various  ways,  by  mathematioians  and 
ininerali^sts  in  every  country  of  Europe. 


I" 


CIIAPTEK   III. 

iHB  Hauian  Cbystallogeaphy. 

HAVE  not  hithei-to  noticed  the  imperfections  of  Uia  cryatallographic 
of  Haijy,  because  my  business  in  the  last  section 

'  T.  ii.  p.  21,  '"  Mai'K.  Gmk.  d.  Vijet.  130. 
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was  to  mark  the  pennanent  additions  he  made  to  the  scieDce.  His 
system  did,  however,  require  completion  and  rectification  in  various 
points ;  and  in  speaking  of  tfie  crystallographera  of  the  subsequent  time, 
who  may  all  be  considered  as  the  cultivators  of  the  Hauian  doctrines, 
we  must  also  eonsider  what  they  did  in  correcting  them. 

The  three  main  points  in  which  this  improvement  was  needed  were ; — 
a  better  determination  of  the  crystalline  ibrnia  of  tlie  special  sub- 
stances ; — a  more  general  and  less  arbitrary  method  of  considering 
crystalline  forms  according  to  their  symmetry ;  and  a  detection  of 
more  general  conditions  by  which  the  crystalline  angle  is  regulated. 
The  first  of  these  processes  may  bo  considered  as  the  natural  sequel 
of  the  Hauian  epoch  :  the  other  two  must  be  treated  as  separate  steps 
of  discovery. 

When  it  appeared  that  the  angle  of  natural  or  of  cleavage  faces 
could  be  used  to  determine  the  differences  of  minerals,  it  became  im- 
portant to  measure  this  angle  with  accuracy.  Hauy's  measuremejits 
were  found  very  inaccurate  by  many  succeeding  crystallogi'aphers : 
Mobs  says'  tliat  they  are  so  generally  inaccurate,  that  no  confidence 
can  be  placed  in  them.  T5iiswas  said,  of  course,  according  to  the 
more  rigorous  notions  of  accuracy  to  which  the  establishment  of  Haiiy's 
system  led.  Among  the  persons  who  principally  labored  in  ascertain- 
ing, with  precidon,  the  crystalline  angles  of  minerals,  were  several 
Englishmen,  especially  Wollaston,  Phillips,  and  Brooke.  Wollastoii, 
by  the  invention  of  his  Eeflecting  Goniometer,  placed  an  entirely  new 
degree  of  accuracy  within  the  reach  of  the  crystallographer ;  the  angle 
of  two  ftces  being,  in  this  instrument,  measured  by  means  of  the 
reflected  images  of  bright  objects  seen  in  them,  so  that  the  measure  is 
the  more  accurate  tlie  more  minute  the  faces  are.  In  the  use  of  this 
instmment,  no  one  was  more  laborious  and  successful  than  William 
Phillips,  whose  power  of  apprehending  the  most  complex  forms  with 
steadiness  and  cleai'ness,  led  WoUaston  to  say  that  he  had  "a  geome- 
trical sense."  Phillips  published  a  Treatise  on  Mineralogy,  containing 
a  great  collection  of  si  ch  determinations  ^nli  Mr  Brooke  a  ciysti! 
lographer  of  the  same  exai-t  and  c-Krehil  school  his  ilso  j  ill  ah  1 
several  worts  of  the  same  I  n  1  Tl  e  jiecise  mea  uiemeit  f  us 
talline  angles  must  be  the  tamil  ir  empb^ment  of  all  "nho  stul> 
crystallography;  and    tbeietoie    aij    further   enumuition   of  tl  os 


d  by  Google 


326  HISTOET   OP  MINERALOGY. 

who  have  added  in  tliis  ivay  to  the  stock  of  knowledge,  would  hi: 
superfluous. 

Nov  need  I  dwell  louc;  on  those  wlio  added  to  the  knowledge  which 
Hatty  left,  of  derived  foi-ms.  Tte  loost  remarkable  work  of  this  kind 
was  that  of  Count  Boumon,  who  published  a  work  on  a  single  mineral 
(calcspar)  in  three  quaa-to  volumes.'  He  has  here  given  representations 
of  aaveu  hundred  forms  of  crystals,  of  which,  however,  only  fifty-six 
are  essentially  different.  From,  this  example  the  reader  may  judge 
what  a  length  of  time,  and  what  a  number  of  obserrers  and  calcula- 
toi's,  were  requisite  to  exhaust  the  sobject. 

If  the  calculations,  thus  occasioned,  had  been  conducted  upon  the 
basis  of  HaQy's  system,  without  any  further  generalization,  they  would 
have  belonged  to  that  process,  the  natural  sequel  of  inductive  discove- 
ries, which  we  call  deduction  ;  and  would  have  needed  only  a  very 
brief  notice  here.  But  some  additional  steps  were  made  in  the  upward 
road  to  scientific  truth,  and  of  these  we  mnst  now  give  an  account. 


EsTABUSHstENT  OP  THE  Distinction  or  Sfsthms  ot'  Crtstallika- 
TioN. — Weiss  and  Mohs. 

IN  Hatty's  views,  as  generally  happens  in  new  systems,  however  tnie, 
there  was  involved  something  that  was  arbitrary,  sometliing  that 
was  fidse  or  doubtful,  something  that  was  imiiecessarily  limited.  The 
principal  points  of  this  kind  were; — his  having  made  the  laws  of 
crystalline  derivation  depend  so  much  upon  c1e8v^;e; — his  iaving 
1  atomic  constitution  of  bodies  as  an  essential  part  of  his 
;  and  his  having  taken  a  set  of  primary  forms,  which,  being 
by  no  general  view,  were  partly  supei-fluous,  and  partly 
defective. 

How  far  evidence,  such  as  has  been  referred  to  by  various  philoso- 
phers, has  proved,  or  can  prove,  that  bodies  are  constituted  of  indivisi- 
ble atoms,  will  be  more  fully  examined  in  the  work  which  treats  of 
the  Philosophy  of  this  subject.     There  can  be  little  doubt  that  the 
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portion  of  Hauy's  doctrine  which,  most  rivetod  popular  attention  and 
applaiise,  was  his  dissection  of  crystals,  in  a  manner  which  was  sup- 
posed to  lead  actually  to  their  ultimate  material  elements.  Tet  it  is 
clear,  that  since  the  solids  given  by  cleavage  are,  in  many  cases,  such 
as  caDBot  make  tip  a  solid  space,  tie  primary  conception  of  a  neces- 
sary geometrical  identity  between  the  results  of  division  and  tlie 
elements  of  composition,  which  is  the  sole  foundation  of  the  supposi- 
tion that  crystallography  points  out  the  actual  elements,  disappears  on 
being  scrutinized ;  and  when  Hafly,  pressed  by  this  difficulty,  as  in  the 
case  of  fluor-spar,  put  his  integrant  octohedral  molecules  togethei-, 
touching  by  the  edges  only,  his  method  became  an  empty  geometrical 
diagram,  with  no  physical  moaning. 

The  real  fafit,  divested  of  the  hypothesis  which  was  contained  in  the 
fiction  of  decrements,  was,  that  when  the  relation  of  the  derivative  to 
the  primary  feces  is  expressed  by  means  of  naraerical  indices,  these 
mimbers  are  integers,  and  generally  very  small  ones ;  and  this  was 
the  form  which  the  law  gradually  assumed,  as  the  method  of  deriva- 
tion was  made  more  general  and  simple  by  Weiss  and  others. 

"When,  ia  1809,  I  published  my  Dissertation,"  says  Weiss,'  "I 
shared  the  common  opinion  as  to  the  necessity  of  the  assumption  and 
the  reality  of  the  existence  of  a  primitive  form,  at  least  in  a  sense 
not  very  different  from  tlie  usual  sense  of  the  expression.  While  I 
sought,"  he  adds,  referring  to  certain  doctrines  of  general  philosophy 
which  he  and  others  entertained,  "  a  dynamical  ground  for  this, 
instead  of  the  untenable  atomistic  view,  I  found  that,  out  of  my 
prunitive  forms,  there  was  gradually  unfolded  to  my  hands,  that 
which  really  governs  them,  and  is  not  affected  by  their  casual  fluctua- 
tions, the  fundamental  relations  of  those  Dimensions  according  to 
which  a  multiplicity  of  internal  oppositions,  neoe^arily  and  mutually 
interdependent,  arc  developed  in  the  mass,  each  having  its  own  pola- 
rity; so  that  the  crystalline  character  is  co-extensivo  with  these  pola- 

The  "Dimensions"  of  which  Weiss  here  speaks,  are  the  Axes  of 
Symmetry  of  the  crystal ;  that  is,  those  lines  in  reference  to  which, 
every  face  is  accompanied  by  other  faces,  having  like  positions  and 
properties,     Thus  a  rhomb,  or  more  properly  a  rliomhohedron^  of 


'  Mem.  Acad.  Berl.  1818,  p.  SOt. 

'  I  Dse  this  nnmo  for  tiie  solid  figuve,  Em<^e  rhoinh  lias  always  been  useil  for 
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calcspai-  Bia>  bt,  ^jU  e  I  ^^  iti  oil'-  ol  ita  ol  tuso  oornera  uppetmost,  so 
that  all  tie  three  faces  whii,h  meet  there  are  equally  jnoliued  to  the 
vertical  line  la  this  position,  e^  ery  denvative  face,  which  is  obtained 
by  any  modaticition  of  thp  faces  or  edges  of  the  rhomhohedron, 
implies  either  three  oi  fcix  such  den\atiye  faces;  for  no  one  of  the 
three  uppei  faces  of  tie  ihomhohedron  has  any  character  or  property 
different  from  the  other  two ,  and,  therefore,  there  is  no  reason  for  the 
existence  of  a  deniative  fiom  one  ot  these  primitive  faces,  which  does 
not  equally  hold  for  the  other  primitive  faces.  Hence  the  derivative 
forms  will,  in  all  cases,  contain  none  but  faces  connected  by  this  kind 
of  correspondence.  The  axis  thus  made  vertical  will  be  an  Axis  of 
Symmetrj-,  and  the  crystal  wil]  consist  of  three  divisions,  ranged  round 
this  axis,  and  exactly  resembling  each  other.  According  toWeiss's 
nomenclature,  such  a  crystal  is  "  three-and-three-membered." 

But  this  is  only  one  of  tlio  tinds  of  symmetry  which  crystalline  forms 
may  exhibit.  They  may  have  three  axes  of  complete  and  equal  sym- 
metry at  right  angles  to  each  other,  as  the  cube  and  the  regular  octo- 
hedron ; — or,  two  axes  of  equal  symmetry,  perpendicular  to  each  other 
and  to  a  third  axis,  which  is  not  affected  with  the  same  symmetry 
with  which  tiiey  are;  such  a  figure  is  a  square  pyramid; — or  they 
may  have  thi-ee  rectangular  axes,  all  of  unequal  symmetry,  tie  modifi- 
cations referring  to  each  axis  sepai'ately  from  the  other  two. 

These  are  essential  and  necessary  distinctions  of  crystalline  form  ; 
and  the  introduction  of  a  classification  of  forms  founded  on  such  rela- 
tions, or,  as  they  were  called,  Si/stems  of  Crystallimtion,  was  a  great 
improvement  upon  the  divisions  of  the  earlier  crystellographers,  for 
those  divisions  were  separated  according  to  certain  arbitrarily-assiuaed 
primary  forms.  Tims  Kome  de  Lisle's  fundamental  forms  were,  the 
tetrahedron,  the  cube,  the  octobedron,  the  rhombic  prism,  the  rhombic 
octohedron,  the  dodecaheth-on  with  triangular  faces  :  Hatly's  primary 
forms  are  the  cube,  the  rhombohedron,  tie  oblique  rhombic  prism,  the 
right  rhombic  prism,  tie  rhombic  dodecahedron,  tie  regular  octohe- 
dron, tetrahedron,  and  six-sided  prism,  and  the  bipyramidal  dodecahe- 
di-on.  This  division,  as  I  have  already  said,  errs  both  by  excess  and 
defect,  for  some  of  these  primary  forms  might  be  made  derivatives  from 
otiiers ;  and  no  solid  reason  could  be  assigned  why  they  were  not. 
Thus  the  cube  may  be  derived  from  the  tetrahedron,  by  truncating  tie 
edges ;  and  the  rhombic  dodecahedron  again  ftom  the  cube,  by  trun- 
cating its  edges ;  while  the  square  pyramid  could  not  be  legitimately 
identified  with  the  derivative  of  any  of  these  foiTOs  ;  for  if  we  were  to 
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derive  it  from  the  rhombic  prism,  why  should  the  acute  angles  always 
suffer  decrements  corresponding  in  a  certaia  way  to  those  of  the  ohtnae 
angles,  as  tliey  must  do  in  order  to  give  rise  to  a  square  pyramid  ? 

The  introduction  of  the  method  of  reference  to  Systems  of  Crystal- 
lization has  been  a  subject  of  controversy,  some  ascribing  this  valuable 
step  to  Weiss,  and  some  to  Mobs.'  It  appears,  I  think,  on  the  whole, 
that  Weiss  first  published  works  in  which  the  method  is  employed; 
but  that  Mobs,  by  applying  it  to  all  the  known  species  of  minerals,  has 
had  the  merit  of  making  it  the  basis  of  real  crystallography.  Weiss, 
in  1809,  published  a  Dissertation  On  the  mode  of  investigating  the 
principal  geometrical  character  of  cryUalline  forms,  in  which  he  says,' 
"  No  part,  line,  or  quantity,  is  so  important  as  the  axis ;  no  considera- 
tion is  more  essential  or  of  a  higher  oi'der  than  the  relation  of  a  crystal- 
line piano  to  the  axis;"  and  again,  "An  axis  is  any  line  governing  the 
figure,  about  which  all  parts  are  similarly  disposed,  and  with  reference 
to  which  they  correspond  mutually,"  This  he  soon  followed  out  by 
examination  of  some  difficult  cases,  as  Felspar  and  Epidote.  In  the 
Memoirs  of  the  Berlin  Academy,'  for  181i-15,  he  published  An  Ex- 
hibition of  the  natural  Divisions  of  Systems  of  Grystalllzation.  In 
this  Memoir,  his  divisions  are  as  follows  :— The  regular  system,  the/oMr- 
memhered,  the  tteo-and-ttao-memhered,  the  three-and-ikTee-tnemhered, 
and  some  others  of  inferior  degrees  of  symmetry.  These  divisions  are 
by  Mobs  (Outlines  of  Mineralogy,  1822),  tei-med  the  tessular,  pyrami- 
dal, prismatic,  and  rhomhohedral  systems  respectively.  Hausmann,  in 
his  Investigations  concerning  the  Forms  of  Inanimate  JVatttre,'  makes 
a  aearly  corresponding  arrangement ; — the  isometric,  monodimetric, 
trimstric,  and  monotrimetic  ;  and  one  or  other  of  these  seta  of  terms 
have  been  adopted  by  most  succeeding  writers. 

In  order  to  make  the  distinctions  more  apparent,  I  have  puiposely 
omitted  to  speak  of  the  systems  which  arise  when  the  priamatic  system 
loses  some  part  of  its  symmetry; — when  it  has  only  half  or  a  quarter  its 
complete  munber  of  faces ; — or,  according  to  Mohs's  phraseology,  when 
it  is  hemihedral  or  telartohedra!.  Such  systems  are  represented  by  the 
singly-obliqne  or  donbly-obliquo  prism  ;  they  are  termed  by  Weiss 
two-and-one-m£mbered,  and  one-and-one-rnembered  ;  by  other  writers, 
MonoMinmneSric,  and  TrikVmometrie  Syat-L^ms.     Theie  aie  also  othor 


'  Sdin.  FML  JVans.  1823,  vols.  sv.  and  svj. 
'  Ibifl.  "  Giittingen,  1821, 
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is  of  Symmetry,  such,  for  instance,  as  tliat  of  the  plagikedro.l 
!,  and  other  minerala. 
The  introduction  of  an  arrangement  of  crystaUiue  forms  into  systems, 
according  to  their  degree  of  symmetry,  was  a  step  which  was  rather 
founded  on  a  distinct  and  comprehensire  perception  of  mathematical 
relations,  than  on  an  acquaiatancc  with  experimental  fe.cta,  beyond 
what  earher  mineralogists  had  possessed.  This  arrangement  was,  how- 
ever, remarkably  confirmed  by  some  of  the  properties  of  minerals  which 
attracted  notice  afcout  the  time  now  spoken  of,  as  we  shall  see  in  the 
next  chapter. 


CHAPTER  V, 

.BD     CONFJKMA.TION    or    THE     ]>ISTIS"CTION'     Ot'     SvSTEMS 
OF    CBrSTALLIZATlOH. 

DIFFUSION  OF  THE  DiSTiNcnoN  of  Systems. — The  distinction  of 
systems  of  crystallization  was  so  far  founded  on  obviously  true 
views,  that  it  was  speedily  adopted  by  most  mineralogists.  I  need  not 
dwell  on  the  steps  by  which  this  took  place.  Mr.  Haidinger's  transla- 
tion of  Moha  was  a  principal  occasion  of  its  introduction  in  England, 
As  an  indication  of  dates,  hearing  on  this  subject,  perhaps  I  may  be 
allowed  to  notice,  that  there  appeared  in  the  Philosophical  Transac- 
tions for  1^25,  A  General  Method  of  Calculating  the  Angels  of  Crystals, 
which  I  had  written,  and  in  which  I  referred  only  to  Haliy's  views ; 
but  that  in  1826,^  I  published  a  Memoir  On  the  Classificatwn  of  Crys- 
taiUne  Combinations,  founded  on  the  methods  of  Weiss  and  Mobs, 
especially  the  latter ;  with  which  I  had  in  the  mean  time  become 
acquainted,  and  which  appeared  to  me  to  contain  their  own  evidence 
and  reeonunendation.  General  methods,  such  as  was  attempted  in  the 
Memoir  just  quoted,  are  part  of  that  process  in  the  history  of  sciences, 
by  which,  when  the  principles  are  once  established,  the  mathematical 
operaiaon  of  deducing  their  consequences  is  made  moie  and  moit 
general  and  symmetrical :  which  wo  have  seen  alieady  cTimphfied  m 
the  history  of  celestial  mechanics  aftei  the  time  of  Newton  It  doLi 
not  enter  into  our  plan,  to  dwell  upon  the  vnnons  st^pa  in  this  naj 
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tnade  by  Levy,  Naumanii,  Grasamann,  Kupffer,  Hessel,  and  by  Profes- 
sor Miller  amoDg  oui-selves.  I  may  Eotiee  that  one  great  improvement 
was,  the  method  introduced  by  Monteiro  and  Levy,  of  determining  the 
laws  of  derivation  of  forces  by  means  of  the  parallelisms  of  edges  ; 
which  was  afterwards  extended  so  that  faces  were  considered  as  belong- 
ing to  2OTes,  Kor  need  I  attempt  to  enumerate  (what  indeed  it  would 
be  difficult  to  describe  in  words)  the  various  methods  of  notation  ty 
which  it  has  been  proposed  to  represent  the  faces  of  crystals,  and  to 
facilitate  the  calculations  which  have  reference  to  them. 

[2nd  Ed,]  [My  Memoir  of  1835  depended  on  the  views  of  Hatiy  in 
so  far  as  that  I  started  from  his  "  primitive  forms ;"  but  being  a  general 
method  of  expressing  all  forms  liy  co-ordinates,  it  was  veiy  little 
governed  by  these  views.  The  mode  of  representing  crystalline  forms 
which  I  proposed  seemed  to  contain  its  own  evidence  of  being  more 
true  to  nature  than  Hatty's  theory  of  decrements,  inasmuch  as  my 
method  expressed  the  faces  at  much  lower  numbers.  I  determine  a 
face  by  means  of  the  dimeusions  of  the  primary  form  ifjireti^rf  by  certain 
numbers ;  HaQy  had  expressed  the  fece  virtually  by  the  same  dimen- 
sions multiplied  by  numbers.  In  cases  where  my  notation  gives  such 
numbers  as  (3,  4,  1),  (1,  3,  1),  (5,  1,  19),  his  method  involves  the 
higher  numbers  {4,  3,  12),  (21,  7,  3),  (19,  95,  5).  My  metliod  how- 
ever has,  I  believe,  little  value  as  a  method  of  "  ealculating  the  angles 
of  crystals." 

M.  Keumann,  of  KBnigaberg,  introduced  a  very  convenient  and 
elegant  mode  of  representing  the  position  of  laces  of  crystals  by  corre- 
sponding pointe  on  the  surface  of  a  oircnmscribing  sphere  He  gave 
(in  1823)  the  laws  of  the  derivation  of  crystalline  faces,  eipre=i.ed  geo- 
metrically by  tie  intersection  of  zones,  {Beitrage  zur  Krytallonomie ) 
The  same  method  of  indicating  the  position  ot  faces  of  crystals  was 
afterwards,  together  with  the  notation,  re-iuveuted  by  M  Graasmann, 
{Zur  Krystallonoinie  tmd  Geometrisehen  OomhinaUonslehi e,  1829) 
Aiding  himself  by  the  suggestions  of  these  writers,  and  partly  adoptin:; 
my  method,  Prof.  Miller  has  produced  a  work  on  Crystallogiaphj  re 
maviable  for  mathematical  elegance  and  symmetry,  and  has  given 
expressions  really  useful  for  calculating  the  angles  of  crystalline  fat-es, 
{A  Treatise  on  Crystallogi-aphf.     Camhiidge,  1888.)] 

Confirmation  of  the  Distinetion  of  Systems  by  the  Optical  Properties 
of  Minerals.— Brewster.— 1  must  not  omit  to  notice  the  striking  con- 
firmation which  the  distinction  of  systems  of  crystallization  received 
from  optical  discoveries,  especially  those  of  Sir  D.  Brewster,     Of  the 


d  by  Google 


333  HISTORY  OF  MINEEALOGY. 

history  of  tliis  very  rich  aiid  beautiful  department  of  science,  we  have 
already  given  some  account,  in  speaking  of  Optics.  The  first  facte 
which  were  noticed,  those  relating  to  double  refraction,  belonged  ex- 
clusively to  ci-ystals  of  the  ihombohedral  system.  The  splendid  phe- 
nomena of  the  rings  aud  lemniscates  produced  by  dipolarizing  crystals, 
were  afterwards  discovered ;  and  these  were,  in  1817,  classified  by  Sir 
David  Brewster,  according  to  the  crystalline  forms  to  which  they 
belong.  This  classification,  on  compaiison  with  the  distinction  of 
Systems  of  Crystallization,  resolved  itself  into  a  necessary  relation  of 
mathematical  symmetry  :  all  crystals  of  the  pyramidal  and  rhombohe- 
dral  systems,  which  from  their  geometrical  charaeter  have  a  single  axis 
of  symmetry,  are  also  optically  uniaxal,  and  produce  by  dipolarization 
circular  rings;  while  the  prismatic  system,  which  has  no  such  single 
axis,  but  three  unequal  axes  of  symmetry,  is  optically  biaxal,  gives  lem- 
niscates by  dipokiized  light,  and  according  to  Fresnel's  theory,  has 
three  rectangular  axes  of  unequal  elasticity. 

[2nd  Ed.]  [I  have  placed  Sir  Darid  Brewster's  arrangement  of  crys- 
talline forms  in  this  chapter,  as  an  event  belonging  to  the  cwifirmalion 
of  the  distinctions  of  forms  introduced  by  Weisa  and  Mohs ;  because 
that  arrangement  was  established,  not  on  crystallographical,  but  on 
optical  grounds.  But  Sir  David  Brewster's  optical  discovery  was  a 
much  gi'eater  step  in  science  than  the  systems  of  the  two  German  crys- 
tallographers ;  and  even  in  respect  to  the  crystallographical  principle, 
Sir  D.  Brewster  had  an  independent  share  in  the  discovery.  He 
divided  crystalline  forms  into  three  classes,  enumerating  the  Hauian 
"primitive  forms"  which  belonged  to  each  ;  and  as  he  found  some  ex- 
ceptions to  tliia  classification,  (such  as  idocrase,  &c^)  he  ventured  to 
pronounce  that  in  those  substances  the  received  primitive  forms  were 
probably  erroneous;  a  judgment  which  was  soon  eonfli'med  by  a 
closer  crystallographical  scrutiny.  He  also  showed  his  perception  of 
the  mineralogical  importance  of  his  discovery  by  publishing  it,  not  only 
in  the  Phil.  Trans.  (1818),  but  also  in  the  Transactions  of  the  Wer- 
nerian  Society  of  Natural  History.  In  a  second  paper  inserted  in 
this  later  seri^  i-ead  in  1820,  he  farther  notices  Mohs's  System  of  Crys- 
tallography, which  had  then  recently  appeared,  and  points  out  its 
agreement  witli  his  own. 

Another  reason  why  I  do  not  make  his  great  optical  discovery  a 
cardinal  point  in  the  history  of  crystallography  is,  that  as  a  crystallo- 
graphical system  it  is  incomplete.  Although  we  are  thus  led  to  dis- 
tinguish the  lesmlar  and  the  prismatic  systems  (using  Mohs's  terms) 
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from  the  rkomhokedral  and  tlie  square  prismatic,  vm  ai'e  not  led.  to 
distinguish  the  kttei'  two  from  eich  other  •  inaBmuch  as  they  have  bo 
optical  difference  i  f  h  act  B  t  thia  di  tm  ti  n  q  t  essentia! 
in  crystallography  fth  t\  yt  h  f  fmdhy  law? 
as  different  as  those    f  tl       th     U      J  t  m 

Moreover,  Weias  a  d  M  li  t  nly  d  I  d  rj  t  11  t  ns  into 
certaia  classes,  but  h  d  th  t  hy  1  th  b,  th  1  t  f  all  the 
existing  forms  from  th    t     dam    tal  u,a  im  1  i&i  ect  of 

simplicity  aJid  gen      1  ty        d  tli  th  t  1  i     t     f  what 

they  did. 

On  the  other  hand,  I  do  not  think  it  is  t«o  much  to  say  as  I  have 
elsewhere  ssdd"  that  "  Sir  D.  Brewster's  optical  experiments  mnst  have 
led  to  a  classification  of  crystals  into  the  above  systems,  or  something 
nearly  equivalent,  even  if  crystals  had  not  been  so  arranged  by  atten- 
tion to  their  forms."] 

Many  other  most  curious  trains  of  research  have  confii-med  the 
general  truth,  that  the  degree  and  kind  of  geometrical  symmetry  cor- 
responds exactly  with  the  symmetry  of  the  optical  propei-ties.  As  an 
instance  of  this,  eminently  stiiking  for  its  singnlaiity,  we  may  notice 
the  discovery  of  Sir  John  Hersehel,  that  the  plagihedral  crystallization 
of  quartz,  by  which  it  exhibits  faces  twisted  to  the  right  or  the  left,  is 
accompanied  by  right-handed  or  left-handed  circular  polarization  re- 
spectively. No  one  acquainted  with  the  subject  can  now  doubt,  that 
the  correspondence  of  geometrical  and  optical  symmetry  is  of  the  most 
complete  and  fundamental  kind. 

[2nd  Ed.]  [Our  tnowledge  with  respect  to  the  positions  of  the  opti- , 
cal  axes  of  the  oblique  prismatic  ciystala  is  still  imperfect.  It  appeai-s 
to  be  ascertained  that,  in  singly  oblique  crystals,  one  of  the  axes  of 
optical  elasticity  coincides  with  the  rectangular  crystaJlogi'aphic  axis. 
In  doubly  oblique  crj'stals,  one  of  the  axes  of  optical  elasticity  is,  in 
many  cases,  coincident  with  the  axis  of  a  principal  zone.  I  believe  no 
more  detorminate  laws  have  been  discovered.] 

Thus  the  highest  generalization  at  which  mathematical  crystallogi-a- 
phei-5  have  yet  arrived,  may  be  considered  as  fully  established  ;  and 
the  science  of  Crystallographj',  in  the  condition  in  which  these  place 
it,  is  fit  to  be  employed  as  one  of  the  mcmhcrs  of  Mineralogy,  and  thus 
to  fill  ita  appropriate  place  and  office. 

°  Philosophy  of  the  Induetise  Sdences,  B,  viii.  C.  iii.  Art.  3. 
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CHAPTER  VI. 


DISCOVEKY  OF  IsojioRPiiiSM.  Mitscherlich. — The  discovery  of 
which  we  now  have  to  speak  may  appear  at  lii'st  sight  too  large 
to  be  included  in  the  history  of  crystallography,  and  may  seem  to 
belong  rather  to  ehemistiy.  Bnt  it  is  to  he  recollected  that  crystallo- 
graphy, from  the  time  of  its  flrat  asanming  importance  in  the  hands 
of  Haliy,  founded  its  claim  to  notice  entirely  upon  its  connexion  with 
chemistry ;  crystalline  forms  were  properties  of  sometktnc/  ;  hut  what 
that  something  was,  and  how  it  might  be  modified  without  becoming 
something  else,  no  crystall<^rapher  could  venture  to  decide,  witiout 
the  aid  of  chemical  analysis.  Hatty  had  assumed,  as  the  general  re'snit 
of  hia  researchea,  that  the  same  chemical  elements,  comhmed  in  the 
same  proportions,  would  always  exhibit  the  same  crystalline  form ;  and 
reciprocally,  that  the  same  form  and  angles  (except  in  the  obvious  case 
of  the  tcssular  system,  in  which  the  angles  are  deteimined  by  iti  being 
the  tessular  system,)  implied  the  same  chemical  constitntion.  But 
this  dogma  could  only  ha  considered  as  an  approximate  conjecture ; 
for  there  were  many  glaring  and  unexplained  exceptions  to  it.  The 
explanation  of  several  of  these  was  beautifully  deacribed  by  the  dis- 
covery that  there  are  various  elements  which  are  isomorpkous  to  each 
other ;  that  is,  snch  that  one  may  take  the  place  of  another  without 
altering  the  crystalline  form ;  and  thus  the  chemical  composition  may 
be  much  changed,  while  the  cryatallographic  character  is  undisturbed. 
This  truth  had  been  caught  sight  of,  probably  aa  a  guess  only,  by 
Fuchs  as  early  as  1815.  In  speaking  of  a  mineral  which  had  been 
called  Gehlenite,  he  says,  "I  hold  the  oxide  of  iron,  not  for  an  essen- 
tial component  part  of  this  genus,  but  only  aa  a  vicariom  element, 
replacing  so  much  lime.  We  shall  find  it  necessaiy  to  conader  the 
i-eanlts  of  several  analyses  of  mineral  bodies  ia  this  point  of  view,  if 
we  wish,  on  the  one  hand,  to  bring  them  into  agreement  with  the 
doctrine  of  chemical  proportions,  and  on  tlie  other,  to  avoid  unneces- 
sarily splitting  up  genera,"     In  a  lectm'e  On  the  Mutual  Influence  of 
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Gkcrimiry  otJ  Mine:  d  <iii,  lit-  1^^ln  ilia«s  attt,nti  ii  ti  Lia  tLun 
vkancus  (iii.aitrende),  isliich  undoubtedly  expre^es  the  nituie  ol  the 
general  law  afterwards  established  by  Mit^cherlich  m  182i 

But  Fachs's  coBjectutal  e\pression  was  only  a  prelude  to  Mitachei 
lich's  experimental  discovery  of  isomoiphism  TiU  mwiy  c'liefni 
anaiyaea  had  given  aubstauce  and  siynification  to  this  conception  of 
vicarious  elements,  it  was  of  sm'tll  ^alue  Peihapa  no  one  wis  more 
capable  than  Berzehns  ot  turning  to  the  best  advanta5,e  any  ideis 
which  were  current  in  the  chemical  world ;  yet  we  find  him,'  in  1820, 
dwelling  upon  a  certain  vague  view  of  these  cases, — that  "  oxides 
which  contain  equal  dosea  of  oxygen  must  have  their  general  proper- 
ties common;"  without  tracmg  it  to  any  definite  conclusions.  But 
Mb  acholai',  Miteeherlici,  gave  this  proposition  a  real  cryatallographical 
import.  Thus  he  found  that  the  carbonates  of  lime  (calcapar,)  of 
magnesia,  of  protoxide  of  iron,  and  of  protoxide  of  manganese,  agree 
in  many  respects  of  form,  while  the  homologous  angles  vary  through 
one  or  two  degrees  only  ;  so  again  the  carbonates  of  baryta,  atrontia, 
lead,  and  lime  (arragonite),  agree  nearly  ;  the  different  kinda  of  felspar 
vary  only  by  the  substitution  of  one  alkali  for  another ;  the  phoaphatea 
are  almost  identical  with  the  araeniatea  of  aeverat  basea.  These,  and 
m  la  esulta  e  e  p  sed  by  saying  that,  in  such  caaea,  the 
ba  s,  1  ne,  p  t  I  f  on,  and  the  rest,  are  isomorphotts  ;  or  in 
th   latte    n  t  n     th  t  tl     arsenic  and  phosphoiic  acids  are  isomor- 

ii 

S  n       n     m     f  th        ases,  the  substitution  of  one  element  of  the 
n     ph   13  g  o  p  f     another  dote  alter  the  angle,  though  slightly,  it 
has  since  been  proposed  to  call  such  groups  ytesiowojjiAoM*. 

Tills  discovery  of  iaomorphiam  was  of  great  importance,  and  excited 
much  attention  among  the  chemiats  of  Europe,  The  history  of  its 
reception,  however,  belongs,  in  part,  to  the  dassificatioa  of  minerals; 
for  its  effect  was  immediately  to  metamorphose  the  existing  chemical 
sj-stems  of  arrangement  But  even  those  crystallographers  and  chemiats 
who  cared  little  for  general  systems  of  classification,  received  a  pow- 
erful impulse  by  the  expectation,  which  waa  now  excited,  of  discover- 
ing definite  laws  connecting  chemical  constitution  with  cryatalline  form. 
Such  investigationa  were  soon  earned  on  with  great  activity.  Thns, 
at  a  recent  period,  Abich  analysed  a  number  of  tessular  minerals, 
spinelle,  pleonaate,  gahuite,  franklinite,  and  chromic  iron  oxide  ;    and 

'  Munich,  1820.  '  Essay  on  the  Thearij  of  Okemical  FToporiione,  p.  122. 
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seeias  to  liave  had  some  success  in  given  a  common  type  to  tlieir 
chemical  formnlse,  as  there  is  a  common  type  in  their  crystal] ization. 

[2nd  Ed.]  [It  ■will  be  seen  by  the  above  account  that  Prof.  Mitsch- 
erlich's  merit  in  the  great  discovery  of  Isomorphism  is  not  at  all  nar- 
rowed by  the  previous  conjectures  of  M.  Fuchs.  I  am  informed,  more- 
over, that  M.  Fucha  afterwards  (in  Sehweigger's  Journal)  retracted  the 
opinions  he  had  put  forward  on  this  subject] 

Dimorphism. — lAj  business  is,  to  point  out  the  coEnected  troths 
whieli  have  been  obtained  by  phUosophers,  rather  than  insulated  dif- 
ficulties which  still  stand  out  to  perplex  them.  I  need  not,  therefore, 
dwell  on  the  curions  cases  of  dimorphism  ;  cases  in  which  the  same 
definite  chemical  compound  of  the  same  elements  appears  to  have  two 
different  forms ;  thus  the  cai'bonate  of  lime  has  two  forms,  calcspar 
and  arragonite,  which  belong  to  different  systems  of  crystallization. 
Such  iacts  may  puzzle  ns ;  but  they  hardly  interfere  with  any  received 
general  truths,  because  we  have  as  yet  no  truths  of  very  higli  order 
respecting  the  connexion  of  chemical  constitution  and  crystalline  form. 
Dimorphism  does  not  interfere  with  isomorphism ;  the  two  classes  of 
Sets  stand  at  the  same  stage  of  inductive  generalization,  and  we  wait 
for  some  higher  truth  which  shall  include  both,  and  rise  above  them. 

[2nd  Ed.]  [For  additions  to  our  knowledge  of  the  Dimorphism  of 
Bodies,  see  Professor  Johnstone's  valaable  Meporl  on  that  subject  in  the 
Shorts  of  the  British  Assodatirm  iov  183T.  Substances  have  also 
been  found  which  are  trimorpIwuB.  We  owe  to  Professor  Mitscherlioh 
the  discovery  of  dimorphism,  as  well  as  of  isomorphism  :  and  to  him 
also  we  owe  the  greater  part  of  the  knowledge  to  which  these  disco- 
veries luwe  led.] 


CHAPTER  VII. 


!  FiXITy   OF   OTHER  PHYSICAL   Proper- 

iS. — Werner. 


rpHE  reflections  from  which  it  appeared,  (at  the  end  of  the  last 
-»-  Book,)  that  in  order  to  obtain  general  knowledge  respecting 
bodies,  we  must  give  scientific  fixity  to  our  appreciation  of  their  pro- 
perties, applies  to  their  other  properties  as  well  as  to  their  crystalline 
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foim  And  fhou^t  none  t  the  otlitr  ].iop  ities  iiare  yet  been 
leferred  to  itandarcls  so  definite  as  that  which  geometry  sTippHes  for 
crystal*",  a  'system  hai  been  introduced  which  mates  iheir  mpasures 
far  more  constant  and  precise  than  they  aie  to  i  commoTi  nndisciphncd 

The  author  of  tliis  system  was  Abraham  Gottlob  Wemei,  who  had 
been  educated  in  the  institutions  which  the  Elector  of  &a\ony  had 
eatablished  at  the  mines  of  Freiberg.  Of  an  exact  and  methodical 
inteUect,  and  of  great  acuteness  of  the  senses,  Werner  was  well  fitted 
for  the  task  of  giving  fixity  to  the  appreciation  of  outward  impressions; 
and  this  he  attempted  in  his  Disiertalkm  <m  Ike  external  Characters 
of  Fosdlg,  ■which  was  published  at  Leipzig  m  l';74  Of  the  piecision 
of  his  estimation  of  such  characters,  we  may  judge  from  tl  e  tullowing 
story,  told  by  his  biographer  Frisch."  Oi  e  of  his  compani  rs  bad 
received  a  quantity  of  pieces  of  amber  and  was  relating  to  Werner, 
then  very  young,  that  he  had  found  in  the  lot  one  pie  e  from  which 
he  CJjuld  extract  no  signs  of  electricity.  Werner  requested  to  be 
allowed  to  put  bia  band  in  the  bag  which  contained  these  pieces,  and 
immediately  drew  out  the  unelectrical  piece.  It  was  yellow  chalce- 
dony, which  is  distinguishable  from  amber  by  its  weight  and  coldness. 

The  principal  external  characters  which  were  subjected  by  Werner 
to  a  systematic  examination  were  color,  lustre,  bardnras,  and  specific 
gravity.  His  subdivisions  of  the  firat  character  (^Oolor),  were  very 
numerous ;  yet  it  cannot  be  doubted  that  if  we  recollect  them  by  the 
eye,  and  not  by  their  names,  they  are  definite  and  valuable  characters, 
and  especially  the  metallic  colors.  Breithaupt,  merely  by  the  aid  of 
this  character,  difitinguished  two  new  compounds  among  the  small 
grains  fbund  along  with  the  grains  of  platinum,  and  usually  con- 
founded with  them.  The  kinds  of  Lustre,  namely,  glassy,  fatty,  ada- 
mantine, metallic,  are,  when  used  in  the  same  manner,  equidly  valu- 
able. Specific  Gravity  obviously  admits  of  a  numerical  meisure ;  and 
the  Hardness  of  a  mineral  was  pretty  exactly  defined  by  the  sub- 
stances which  it  would  scratch,  and  by  which  it  was  capable  of  being 
scratched. 

Werner  soon  acquired  a  reputation  as  a  mineralogist,  which  drew 
persons  from  eveiy  part  of  Europe  to  Freiberg  in  order  to  hear  his 
lectures;  and  thus  difi'used  very  widely  his  mode  of  employing 
external  characters.     It  was,  indeed,  impossible  to  attend  so  closely  to 

'   Warner's  Lshen,  p.  26. 
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these  characters  as  the  Wenierian  method  required,  without  finding 
that  they  were  more  distinctive  than  might  at  firet  sight  be  imagined ; 
and  the  analogy  which  this  mode  of  studying  Mineralogy  estabhshed 
between  that  and  other  branches  of  Natural  History,  recommended  the 
method  to  tliose  in  whom  a  general  inclination  to  such  studies  was 
excited.  Thus  Professor  Jajneson  of  Edinburgh,  who  had  been  one 
of  the  pupils  of  "Weniei'  at  Freiberg,  not  only  published  works  in 
which  he  promulgated  the  mineralogical  doctrines  of  his  master,  but 
estahljahed  in  Edinbui^h  a  "  Werneriau  Society,"  having  for  its  object 
the  geaeral  cultivation  of  Natural  History. 

Werner's  standards  and  nomenclature  of  external  cbaracters  were 
somewhat  modified  by  Mohs,  who,  with  the  same  kinds  of  talents  and 
views,  succeeded  him  at  Freiberg.  Mohs  reduced  hardness  to  numeri- 
cal measure  by  selecting  ten  known  minerals,  each  harder  thau  the 
other  in  order,  from  talc  to  corundum  and  diamond,  and  by  mating 
the  place  which  these  minerals  occupy  in  the  hsf,  the  numerical  mea- 
sure of  the  hardness  of  those  which  are  compared  with  them.  The 
i-esult  of  the  application  of  this  fixed  measurement  and  nomenclature 
of  external  chai-actera  will  appear  in  the  History  of  Clarification,  to 
which  we  now  proceed. 
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CHAPTER  VIII. 
Attempts  at  the  Classificatios  of  Mikkhals. 

iSecl.  1. — I'roper  objecl  of  Clasnjicalion 

npHE  fixity  of  the  ciystalline  and  oil  j  hy  ca!  p  pei-ties  <: 
J-  lals  IS  turned  to  account  by  being  mal  tli  n  ans  of  c 
such  objcets.  To  tise  the  language  of  Ai  totl  CI  <«!fication  is  the 
arehitectonic  science,  to  which  Crystall  g  phy  a  1  the  Doctrine  of 
External  Characters  are  subordinate  ai  d  n  nist  al  as  the  art  of  the 
brietlayer  and  carpenter  ai-e  to  that  of  tit  a  ht  t  But  clasaiflcalion 
itself  is  useful  only  aa  subservient  to    n  nit  nee,  which  shall 

furnish  ns  with  knowledge  concerning  things  so  classified.  To  classify 
is  to  divide  and  to  name  ;  and  the  value  of  the  Divisions  which  we 
thus  mate,  and  of  the  names  which  we  g^ve  l^em,  is  this ; — that  they 
render  exact  knowledge  and  general  propositions  possible.  Now  the 
knowledge  which  we  principally  seek  concerning  minerals  is  a  know- 
ledge of  their  chemical  composition ;  the  general  propositions  to  which 
we  hope  to  be  led  are  such  as  assert  relations  between  their  intimate 
constitution  and  their  external  attributes.  Thus  onr  Mineralogical 
Classification  must  always  have  an  eye  turaed  toivards  Chemistry.  We 
cannot  get  rid  of  the  fundamental  conviction,  that  the  elementary 
composition  of  bodies,  since  it  fixes  their  essence,  mast  determine 
their  properties.  Hence  all  mineralogical  arrangements,  whether 
they  profess  it  or  not,  must  be,  in  effect,  chemical ;  they  mnst  have 
it  for  their  object  to  bring  into  view  a  set  of  relations,  which,  what- 
ever else  they  may  be,  are  at  least  chemical  relations.  "We  may 
begin  with  the  outside,  but  it  is  only  in  order  to  reach  the  inner  struc 
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tuie.     We  may  classify  witLout  reference  to  chemistry  ;  but  if  m 
ao,  it  is  only  that  we  may  assert  chemical  propositions  with  i 
to  om'  classification. 

But,  as  we  have  already  attempted  to  show,  we  not  only  may,  but 
we  must  classify,  by  other  than  chemical  ctaraeters,  in  order  to  be 
able  to  make  our  classification  the  basis  of  chemical  knowledge.  In 
order  to  assert  chemical  truths  concerning  bodies,  we  must  have  the 
bodies  known  by  some  tests  not  chemical.  The  chemist  cannot  assert 
that  Arragonife  does  or  does  not  contain  Strontia,  except  the  mine- 
ralogist can  tell  him  whether  any  given  specimen  is  or  is  not  Arragmdte. 
If  chemistry  be  called  upon  to  supply  the  definitions  as  well  as  the 
doctrines  of  mineralogy,  the  science  can  only  consist  of  identical  pro- 
positions. 

Tet  chemistry  has  been  much  employed  in  minerali^cal  classifica- 
tions, and,  it  is  generally  believed,  with  advants^e  to  the  science  : 
How  is  this  consistent  with  what  has  been  said  S 

To  this  the  answer  is,  that  when  this  has  been  done  with  advantage, 
the  authority  of  external  characters,  as  well  as  of  chemical  constitution, 
has  really  been  brought  into  play.  We  have  two  sets  of  propeities  to 
compare,  chemical  and  physical ;  to  exhibit  the  connexion  of  these  is 
the  object  of  scientific  mineralogy.  And  though  this  connexion  would 
be  most  distinctly  asserted,  if  we  could  keep  the  two  seta  of  properties 
distinct,  yet  it  may  be  brought  into  view  in  a  great  degree,  by  classifi- 
cations in  which  both  are  referred  to  as  guides.  Since  the  governing 
principle  of  the  attempts  at  classification  is  the  conviction  that  the 
chemical  constitution  and  the  physical  properties  have  a  definite  rela- 
tion to  each  other,  we  appear  entitled  to  use  both  kinds  of  evidence, 
in  proportion  as  we  can  best  obtain  each ;  and  then  the  genera!  con-  . 
sistency  and  convenience  of  our  system  wiU  be  the  security  for  its  con- 
taining substantial  knowledge,  though  this  be  not  presented  in  a  rigor- 
ously logical  or  systematic  form. 

Such  mixed  systems  of  classification,  resting  partly  on  chemical  and 
partly  on  physical  charaetei's,  naturally  appeared  aa  the  earliest 
attempts  in  this  way,  before  the  two  members  of  the  subject  had  been 
clearly  separated  in  men's  minds ;  and  these  systems,  therefore,  we 
must  first  give  an  account  of. 

Sect,  2. — Mixed  Systems  of  Classification. 

Early  Systems. — The  first  attempts  at  classifying  minerals  went  upon 

the  ground  of  those  differences  of  general  aspect  which  had  been 
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I'ecogninod  in  tho  i'omiation  of  common  language ;  as  earths,  stones, 
metals.  But  such,  arrangements  were  manifestly  vague  and  confused; 
and  when  chemistry  had  advanced  to  power  and  honor,  her  aid  was 
naturaliy  called  in  to  introduce  abetter  order.  "Hiarne  and  Bromell 
were,  as  far  as  I  know,"  says'  Cronstedt,  "the  first  who  founded  any 
mineral  system  upon  chemical  principles ;  to  them  we  owe  the  three 
known  divisions  of  the  most  simple  mineral  bodies ;  viz.,  the  calcarm, 
vitreicmtes,  and  apt/ri"  But  Oronstedt's  own  ^ssay  towards  a  Sys- 
tem of  Mineralogy,  published  in  Swedish  in  1758,  had  perliaps  more 
influence  than  any  other,  upon  succeeding  systems.  In  this,  the  dis- 
tinction of  earths  and  stones,  and  also  of  vitrescent  and  non-vitreseent 
earths  (apyri),  is  rejected.  The  earths  ai-e  classed  as  calcareous,  sili- 
ceous, argillaceous,  and  the  like.  Again,  calcareous  earth  is  pure  {calc 
spar),  or  united  with  acid  of  vitriol  (ffypsum),  or  united  with  the  muri- 
atic acid  {sal  ammoniac),  and  the  hke.  It  is  easy  to  see  that  this  is 
the  method,  which,  in  its  general  principle,  has  been  continued  to  our 
own  time.  In  such  methods,  it  is  supposed  that  we  can  recognize  the 
substance  by  its  general  appearance,  and  on  this  assumption,  its  place 
in  the  system  conveys  to  us  chemical  knowledge  concerning  it. 

But  as  the  other  branches  of  Natural  History,  and  especially  Botany, 
assumed  a  systematic  form,  many  mineralogists  became  dissatisfied 
witli  this  casual  and  superficial  mode  of  taking  account  of  external 
characters ;  they  became  convinced,  that  in  Mineralogy  as  in  other 
sciences,  classification  must  have  its  system  and  its  rules.  The  views 
which  Werner  asciihea  to  his  teacher,  Pabst  van  Ohain,'  show  the  rise 
of  those  opinions  which  led  through  Werner  to  Mohs  :  "  He  was  of 
opinion  that  a  natural  mineral  system  must  be  constructed  by  chemical 
determinations,  and  external  characters  at  the  same  time  {m,ethodus 
mixta) ;  but  that  along  with  this,  mineralogists  ought  also  to  construct 
and  employ  what  he  called  an  artificial  system,  which  might  serve  us 
as  a  guide  {loco  indieis)  how  to  introduce  newly-discovered  fossils  into 
the  system,  and  how  to  find  easily  and  quickly  those  already  known 
and  introduced,"  Such  an  artificial  system,  containing  not  the  grounds 
of  classification,  but  marks  for  recognition,  was  afterwards  attempted 
by  Mohs,  and  termed  by  him  tho  Characteristic  of  his  system. 

Werner's  System.— 'Bnt,  in  the  mean  lime,  Werner's  classification 
had  an  extensive  reign,  and  this  was  still  a  mixed  system,  Werner 
himself  indeed,  never  published  a  system  of  mineralogy.     "  We  might 

'  Mineralogy,  Pr«f.  p.  viii,  '  Frisfih.  Wsrntr's  Zebcn,  p.  15. 
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almost  imagine,"  Cuvier  says,'  "ttat  when  lie  hadprodnoedliisnomcii- 
clafare  of  externa]  cliai'acters,  he  was  affrighted  witb  Jiis  own  creation ; 
and  that  the  reason  of  hia  writing  so  little  after  his  firat  essay,  was  to 
avoid  the  shacMes  which  he  had  imposed  upon  othoiB."  His  system 
was,  indeed,  made  taown  both  in  and  out  of  Germany,  by  his  pupils ; 
but  in  consequence  of  Werner's  unwillingness  to  give  it  on  his  own 
authority,  it  assumed,  in  its  ptihliahed  forms,  the  appearance  of  an 
extorted  secret  imperfectly  told.  A  JVolice  of  the  Mineralogical  Cabi- 
net of  Mine-Pirector  Pahst  von  Ohain,  was,  in  1792,  published  hy 
Karsten  and  Hoffman,  imder  "Werner's  direction ;  and  conveyed  by 
example,  his  views  of  mineralogies]  an-angement;  and'  in  1816  his 
Doctrine  of  Classification  was  surreptitionsly  copied  from  his  manu- 
script, and  published  in  a  Gemian  Journal,  termed  The  Hesperus.  But 
it  was  only  in  1817,  aiter  his  death,  that  tliere  appeared  IFmiCr'siasi 
Mineral  System,  edited  from  his  papers  by  Bi-eithaupt  and  KShler  : 
and  by  this  time,  as  we  shall  soon  see,  other  systems  were  coming 
forwards  on  the  stage. 

A  very  slight  notice  of  Werner's  arrangement  will  snffice  to  show 
that  it  was,  as  we  have  termed  it,  a  Mixed  System.  He  makes  four 
great  Classes  of  fossils,  Earthy,  Snline,  Combustible,  MetalUe ;  the 
earthy  fossils  are  in  eight  Genera — Diamond,  Zircon,  Silica,  Aluniina, 
Talc,  Lime,  Barj-te,  Hallites.  It  is  clear  that  these  genera  are  in  the 
main  chemical,  for  chemistry  alone  can  definitely  distingnish  the  dif- 
ferent Earths  which  characterize  them.  Yet  the  Wemerian  arrange- 
ment supposed  the  distinctions  to  be  practically  made  by  reference  to 
tliose  external  characters  which  the  teacher  himself  could  employ  with 
such  sBrpassing  slti]!.  And  though  it  cannot  be  doubted,  that  the 
chemical  views  which  prevailed  around  him  had  a  latent  influence  on 
his  classification  in  some  cases,  he  resolutely  refused  to  bend  his  system 
to  the  authority  of  chemistry.  Thus,' when  he  was  blamed  for  having, 
in  opposition  to  the  chemiste,  placed  diamond  among  the  earthy  fossils, 
he  persisted  in  declaiing  that,  mineralogically  considered,  it  was  a 
stone,  and  could  not  be  treated  as  anything  else. 

This  was  an  indication  to  that  tendency,  which,  under  his  successor, 
led  to  a  complete  separation  of  the  two  grounds  of  classification.  But 
before  we  proceed  to  this,  we  must  notice  what  was  doing  at  this 
period  in  otber  parts  of  Europe. 

Raili/s  System. — Though  Werner,  on  his  own  principles,  ought  to 

*Cuv.  M  ii.  814.  '  Fiiscli,  p,  6^,  '  Frisch.  p.  fi2. 
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have  beea  tlie  first  pevsoa  to  see  the  immense  value  of  the  most  marked 
of  external  characters,  crystalime  form,  he  did  not,  in  fact,  attach  much 
importance  to  it  Perhaps  he  was  in  some  measure  iascinated  by  a 
fondnea  for  those  characters  which  he  had  himself  aystematizad,  and 
the  study  of  which  did  not  direct  him  to  look  for  geometrical  relations. 
However  this  naay  he,  the  glory  of  giving  to  Crystallography  its  just 
importance  in  Mineralogy  is  duo  to  France  :  and  the  Treatise  of  HaQy, 
published  in  1801,  is  the  basis  of  the  best  succeeding  worts  of  minera- 
logy. In  this  work,  the  arrangenieiit  is  professedly  chemical ;  and  the 
classification  thus  established  is  employed  as  the  means  of  enunciating 
crystallogi'aphic  and  other  properties.  "  The  principal  object  of  this 
Treatise,"  says  the  autlior,'  "  is  tlie  exposition  and  development  of  a 
method  founded  on  certain  principles,  which  may  serve  as  a  fi'ame- 
work  for  all  the  knowledge  which  Mineralogy  can  supply,  aided  by 
the  different  sciences  which  can  join  hands  with  her  and  march  on  the 
same  line.  It  is  worthy  of  notice,  as  characteristic  of  this  period  of 
Mixed  Systems,  that  the  classification  of  Hally,  though  founded  on 
principles  so  different  from  the  Wcmerian  ones,  deviates  little  from 
it  in  the  general  character  of  the  divisions.  Thus,  the  first  Order  of 
the  first  Cl^s  of  Haiiy  is  Aeidiferous  Earthy  Substances ;  the  first 
genns  is  Idme  ;  the  species  are,  Carbanaie  of  Lime,  FhospJiaie  of  Lime, 
Fluate  of  Lime,  Sulphate  of  Lime,  and  so  on. 

Other  Systems.— S^eh  mixed  methods  were  introduced  also  into 
this  country,  and  have  prevailed,  wo  may  say,  up  to  the  present  time. 
The  Mineralogy  of  "William  Phillips,  which  was  published  iu  1824, 
and  which  was  an  extraordinary  treasure  of  erystallographic  facts,  was 
arranged  by  such  a  mixed  system  ;  that  is,  ^j  a  system  professedly 
chemical ;  but,  inasmuch  as  a  rigid  chemical  system  is  impossible,  and 
the  assumption  of  such  a  one  leads  into  glaring  absnrdities,  the  system 
was,  in  this  and  other  attempts  of  the  same  kind,  corrected  by  the 
most  arbitrary  and  lax  application  of  other  considerations. 

It  is  a  curious  example  of  the  difference  of  national  inteUectnal  cha- 
racter, that  the  manifest  inconsistencies  of  the  prevalent  systems, 
which  led  in  Germany,  as  we  shall  see,  to  bold  and  sweeping  attempts 
at  reform,  produced  in  England  a  sort  of  contemptuous  despair  with 
regard  to  systems  in  general; — a  belief  that  no  system  could  be  con- 
sistent or  useiul; — and  a  persuasion  that  tlio  only  valuable  knowledge 
is  the  accumulation  of  particular  facts.     This  is   not  the  place  to 

'  Disc.  Frel,  \<.  xvii. 
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explain  how  erroneous  and  unpliilosopliiual  such  an  opinion  is.  But 
we  may  notice  that  while  such  a  temper  prevails  among  us,  our  place 
in  this  science  can  never  be  found  in  advance  of  that  position  which 
we  are  now  considering  as  exemplified  in  tJxe  period  of  Werner  and 
Hauy.  So  long  as  we  entertain  such  views  respecting  the  ohjects  of 
Mineralogy,  we  can  have  no  share  in  the  fortunes  of  the  succeeding 
period  of  its  hiatory,  to  which  I  now  proceed. 


e  Ebform  or  Mineealogioal   Systems. — Sepaea- 
i  Chemical  and  Natural  History  Methods. 


Sect,  l.-^^alural  History  System  of  Molts. 

THE  chemical  principle  of  classification,  if  pursued  at  random,  as  in 
the  cases  just  spoken  of,  leads  to  results  at  which  a  philosophical 
spirit  revolts ;  it  separates  widely  suhstances  which  are  not  distingnish- 
ftble ;  joins  together  bodies  the  most  diesimilai- ;  and  in  hardly  any 
instance  does  it  bring  any  truth  into  view.  The  vices  of  classifications 
like  that  of  Eauy  could  not  long  be  concealed ;  but  even  before  time 
had  exposed  the  weakness  of  his  system,  Haiiy  himself  had  pointed  out, 
clearly  and  without  reserve,'  that  a  chemical  system  is  only  one  side 
of  the  subject,  and  supposes,  as  its  connterpart,  a  science  of  external 
characters.  In  the  mean  time,  the  Wernerians  were  becoming  more 
and  more  in  love  with  the  form  which  they  had  given  to  such  a  science. 
Indeed,  the  expertness  which  Werner  and  his  scholars  acc[uired  in  the 
use  of  external  characters,  justified  some  partiality  for  them.  It  is 
related  of  him,'  that,  by  looking  at  a  piece  of  iron-ore,  and  poising  it 
in  his  hand,  he  was  able  to  tell,  almost  precisely,  the  proportion  of  pure 
metal  which  it  contained.  And  in  the  last  year  of  his  life,'  he  had 
marked  out,  as  the  employment  of  the  ensuing  winter,  the  study  of  the 
system  of  Berzelius,  with  a  view  to  find  out  the  laws  of  combination  as 
disclosed  by  external  characters.     In  tJie  same  spirit,  his  pupil  Breit^ 

'  See  lis  Diae,  Pre),  .'  Fiiseh.  Wemet's  Zeban,  p.  18.  '  Friseh.  S. 
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haupt'  attempted  to  discover  the  ingredients  of  minerals  by  tJieir 
peculiarities  of  crystallization.  The  persuieion  that  there  must  he  some 
connexion  between  composition  and  properties,  transformed  itself  in 
their  minds,  into  a  belief  that  they  could  seize  the  nature  of  the  con- 
nexion by  a  sort  of  instinct. 

This  c^inion  of  the  independency  of  the  science  of  eirternal  charac- 
ters, and  of  its  sufficiency  for  its  own  object,  at  last  assumed  its 
complete  form  in  the  bold  attempt  to  construct  a  system  which  should 
borrow  nothing  from  cliemistry.  This  attempt  was  made  by  Frederick 
Mohs,  who  had  been  the  pupil  of  Werner,  and  was  afterwards  his  suc- 
cessor in  the  school  of  Freiberg ;  and  who,  by  the  acute  and  methodical 
character  of  his  intellect,  and  by  hia  intimate  knowledge  of  minerals, 
was  worthy  of  Ms  predecessor,  Eejecting  altogether  all  divisions  of 
whicli  the  import  was  chemical,  Mohs  turned  for  guidance,  or  at  least 
for  tie  light  of  analogy,  to  botany.  His  object  was  to  construct  a 
Natural  System  of  mineralogy.  What  the  conditions  and  advantages 
of  a  natural  system  of  any  province  of  nature  are,  we  must  delay  to 
explain  till  we  have  before  us,  in  botany,  a  more  luminous  example  of 
such  a  scieme.  But  farther ;  in  mineralogy,  as  in  botany,  besides  tlie 
Natural  System,  by  which  we  form  our  classes,  it  is  necessary  to  have 
an  Artifidal  System,  by  which  we  recognize  them ; — a  principle  which, 
we  have  seen,  had  already  taken  root  in  the  school  of  Freiberg.  Such 
an  artificial  system  Mohs  produced  in  his  Okaracterislic  of  the  Mineral 
Kingdom^  which  was  published  at  Dresden  in  1820 ;  and  which,  though 
extending  only  to  a  few  pages,  excited  a  strong  interest  in  Germany, 
where  men's  minds  were  prepared  to  interpret  the  ftill  import  of  such 
a  work.  Some  of  the  traite  of  such  a  "  Characteristic  "  had,  indeed, 
been  previously  drawn  fey  others ;  as  for  example,  by  Haily,  who  notices 
that  each  of  his  ClsBses  has  peculiar  characters.  For  instance,  his  First 
Class  (acidiferona  substances,)  alone  possesses  these  combinations  of 
properties ;  "  division  into  a  regular  octohedron,  without  being  able  to 
scratch  glsBs ;  specific  gravity  above  3'S,  without  being  able  to  scratch 
glass."  The  extension  of  such  cbaraeters  into  a  scheme  which  should 
exhanst  the  whole  mineral  kingdom,  was  the  undertaking  of  Mohs, 

Such  a  collection  of  marks  of  classes,  implied  a  classification  pre- 
viously established,  and  accordingly,  Mohs  had  created  his  own  mineral 
system.  His  aim  was  to  construct  it,  as  we  shall  hereafter  see  that 
other  natural  systems  are  constructed,  by  taking  into  account  all  the 

'  Dreadn.  Aiiswakl,  voL  ii.  p,  8*7 


d  by  Google 


3i6  HiSTOEY  OF  IIISEEALOGY. 

I'esemblaucos  aud  differences  of  tlie  objects  classified.  It  is  obvious 
that  to  execute  such  a  work,  implied  a  most  intimate  and  univeisal 
acquaintance  with  minerals ; — a  power  of  combining  in  one  vivid  sur- 
vey the  whole  mineral  kingdom.  To  illustrate  the  spirit  in  which 
Professor  Mohs  performed  his  task,  I  hope  I  may  be  allowed  to  i-cfer 
to  my  own  intercourse  with  him.  At  an  early  period  of  my  miae- 
ralogical  studies,  when  the  very  conception  of  a  Natural  System  was 
new  to  me,  he,  with  gi-eat  kindlmess  of  temper,  allowed  me  habitually 
to  propose  to  Mm  the  scruples  which  ai'ose  in  my  mind,  before  I  could 
admit  principles  which  appeared  to  mo  then  so  vague  and  indefinite  ; 
and  answered  my  objections  with  great  patience  and  most  instructive 
clearness.  Among  other  difficulties,  I  one  day  propounded  to  him 
this ; — "  Tou  have  published  a  Treatise  on  Mineralogy,  in  which  you 
have  described  all  the  important  properties  of  all  known  minerals. 
On  your  principles,  then,  it  ought  to  be  possible,  merely  by  knowing 
the  descriptions  in  your  hook,  and  without  seeing  any  minerals,  to  con- 
struct a  natural  aystem ;  and  this  natural  system  ought  to  tm-n  out 
identical  with  that  which  you  have  produced,  hy  so  cai'eful  an  exami- 
nation of  the  minerals  themselves."  He  pondered  a  moment,  and  then 
he  answered,  "  It  is  trae ;  but  what  an  enormous  imaffiiiatiort 
{einbildunffskraft,  power  of  inward  iinaginins),  a  man  must  have  for 
such  a  work ! "  Vividness  of  conception  of  sensible  properties,  and 
the  steady  intuition  (anschawunff)  of  objects,  were  deemed  by  him,  and 
by  the  Wernerian  school  in  generaJ,  to  be  the  most  essential  conditions 
of  complete  knowledge. 

It  is  not  necessaiy  to  describe  Mohs's  system  in  detail ;  it  may  suf- 
ficiently indicate  its  foi-m  to  state  that  the  following  sutstanoes,  such 
as  I  before  gave  as  example  of  other  ai'rangements,  calespar,  gyp- 
sum, fluor  spar,  apatite,  heavy  spar,  are  by  Mohs  termed  respectively, 
Hhombohedral  Lime  Haloide,  Gyps  Haloide,  Octohedral  Fluor 
Haloide,  Rhomholi£dral  Filter  Haloide,  Prismatic  Hal  Baryie. 
These  substances  are  thus  referred  to  tlie  Orders  Haloide,  and  Baryte ; 
to  Genera  Linie  Haloide,  Fluor  Haloide,  Hal  Baryte ;  and  the  Specks 
is  an  additional  particularization. 

Mohs  not  only  aimed  at  framing  such  a  system,  but  wm  also  ambi- 
tious of  giving  to  all  minerals  Barnes  which  should  accord  witJi  the 
system.  This  design  was  too  bold  to  succeed.  It  is  trr\e,  that  a  new 
nomenclatme  was  much  needed  in  mineralogy  ;  it  is  true,  too,  tliat  it 
was  reasonable  to  expect,  from  an  improved  dassiflcation,  an  improved 
nomenclature,  such  as  had  been  so  happily  obtained  in  botany  by  tlie 
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reform  of  Liimajiis.  Eat  besides  the  defects  of  Molia's  system,  lie  had 
aot  prepared  hia  verbal  novelties  witli  the  temperance  find  skill  of  the 
great  botanical  reformer.  He  called  iipon  mineralogists  to  change  the 
name  of  almost  every  mineral  with  which  they  were  acquainted ;  and 
the  proposed  appellations  were  mostly  of  a  cumbrons  form,  as  the 
above  example  may  serve  to  show,  Such  names  could  have  obtained 
general  currency,  on]y  after  a  general  and  complete  acceptance  of  the 
system ;  and  the  system  did  not  p<rasess,  in  a  sufficient  degree,  that 
evidence  which  alone  could  gain  it  a  home  in  the  belief  of  philoso- 
phers,— the  coincidence  of  its  results  with  those  of  Ohemistiy.  But 
before  I  speak  finally  of  the  fortunes  of  tlie  Natural-history  System,  I 
win  say  something  of  the  other  attempt  which  was  made  about  the 
same  time  to  introduce  a  Reform  into  Mineralogy  from  the  opposite 
extremity  of  the  science. 

Seel.  2. — Chemical  System  of  Bendius  and  others. 

If  the  students  of  external  charactei-s  were  satisfied  of  tlie  inde- 
pendence of  their  method,  the  diemical  analysts  were  naturally  no 
less  confident  of  the  legitimate  supremacy  of  their  principles :  and 
when  the  beginning  of  the  present  century  had  been  distinguished  by 
the  establishment  of  the  theoiy  of  definite  proportions,  and  by  dis- 
coveries which  pointed  to  the  electrochemical  theory,  it  could  not 
appear  presumption  to  suppose,  that  the  classification  of  bodies,  so  far 
as  it  depended  on  chemistry,  might  be  jiresentcd  in  a  form  more  com- 
plete and  scientific  than  at  any  previous  time. 

The  attempt  to  do  this  -was  made  by  the  great  Swedish  chemist 
Jacob  Eerzelins,  In  1816,  ho  published  his  Estay  to  establish  a 
purely  Scientific  System  of  Mineralogy,  by  means  of  the  Application 
of  the  Electro-chemical  Them-y  and  the  Chemical  Doctrine  of  Defi- 
nite Proportions.  It  is  manifest  that,  for  minerals  which  are  consti- 
tuted by  the  law  of  Definite  Proportions,  this  constitution  must  be  a 
most  essential  part  of  their  character.  The  electro- chemical  Uieory 
was  called  in  tdd,  in  addition  to  the  composition,  because,  distinguish- 
ing the  elements  of  all  compounds  as  electro-positive  and  electro- 
negative, and  giving  to  every  element  a  place  in  a  series,  and  a  place 
defined  by  the  degree  of  these  relations,  it  seemed  to  aiford  a  rigorous 
and  complete  principle  of  arrangement.  Accordingly,  Berzcliua,  in 
hk  First  System,  arranged  minerals  according  to  their  electro-positive 
element,  and  the  elements  according  to  their  electro-positive  rank; 
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and  supposed  tliai,  he  liad  thiis  removed  all  tiiat  was  arbitrary  an<l 
vague  in  the  previous  chemical  systems  of  mineralogy. 

Though  the  attempt  appeared  so  well  justified  by  the  state  of  che- 
mical science,  and  was  so  plausible  in  its  prmciple,  it  was  not  long 
before  events  showed  that  there  was  some  fallacy  in  these  specions 
appearances.  In  1620,  Mitacherlich  discovered  Isomorphism  by  that 
discovery  it  appeared  that  bodies  containing  ■veiy  different  electro- 
jiositive  elements  could  not  be  distinguished  from  each  other  ;  it  was 
impossible,  therefore,  to  put  them  in  distant  portions  of  the  classiffca- 
tion ; — and  thus  the  first  system  of  Berzelius  crumbled  to  pieces. 

But  Berzehus  did  not  so  easily  resign  his  project.  With  the  most 
unhesitating  confession  of  his  first  failure,  but  with  undaunted  courage, 
he  again  girded  himself  to  the  task  of  rebuilding  his  edifice.  Defeated 
at  the  electro-positive  position,  he  now  resolved  to  make  a  stand  at  the 
electro-negative  element.  In  1824,  he  published  in  the  Transactions 
of  tiie  Swedish  Academy,  a  Memoir  On  the  Alterations  in  the  Chemi- 
cal Mineral  System,  which  necessarily  follow  from  the  Property 
exhibited  by  Isomorphous  £odies,  of  replacing  each  other  in  given 
Proportions.  The  alteration  wis,  m  feet,  an  inversion  of  the  system, 
with  an  attempt  still  to  preserve  the  electro-chemical  principle  of 
arrangement.  Tbu":,  instead  of  arraoging  metallic  minerals  according 
to  the  metal,  under  iron,  copper,  &e.,  all  the  sulpkurets  were  classed 
tt^ther,  all  the  oxides  fogcthei,  all  the  sulphates  together,  and  so  in 
other  respects.  That  snch  an  order  wts  a  great  improvement  on  the 
preceding  one,  cannot  be  doubted ;  but  we  shall  see,  I  think,  that  as  a 
strict  scientific  system  it  was  not  successful.  The  discovery  of  isomor- 
phism, however,  naturally  led  to  such  attempts.  Thus  Gmelin  also,  in 
1825,  published  a  mineral  system,'  which,  like  that  of  Berzelius, 
founded  its  leading  distinctions  on  the  electro-negative,  or,  ^  it  was 
sometimes  termed,  the  formative  element  of  bodies;  and,  besides  this, 
took  account  of  the  numbers  of  atoms  or  proportions  which  appear  in 
the  composition  of  the  body;  distinguishing,  for  instance.  Silicates,  as 
simple  silicates,  double  silicates,  and  so  on,  to  quintuple  silicate  {Pech- 
stein)  and  sextuple  silicate  (Perlstein).  In  like  manner,  Wordenskiold 
devised  a  system  resting  on  the  same  bases,  taking  into  account  also 
the  crystalline  form.  In  1824,  Beudant  published  his  7h-aite  Memen- 
taire  de  Min^ralogie,  in  which  ho  professes  to  found  his  arrangement 
on  the  electro-n^ative  element,  and  on  Ampere's  circular  arrange- 

'  Zeitich.  dsr  Min.  18SS,  p.  435. 
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ment  of  elementary  substances.  Sueh  schemes  exhibit  rather  a  plaj 
of  the  mere  logieal  faculty,  exercising  itself  on  assumed  principles, 
than  any  attempt  at  the  real  interpretation  of  nature.  Other  such 
pnre  chemical  systems  may  have  been  published,  but  it  is  not  neces- 
sary to  accnmnlate  instances.     I  proceed  to  consider  their  result. 

Sect.  Z—Fal  re  of  the    AUei  p  a  at    Sjs  e  at     R'pi 

It  may  appear  p  esun  pt  o  s  t  spe-d.  of  tl  e  ta  1  ro  of  those  'hoin, 
like  Eerzel  s  i  J  Mohs  w  a  k  wledge  a*  o  r  masters,  at  a  period 
when,  prob'ibly  thpj  ai  1  sone  ot  the  r  aim  re's  til  hol3  tl  em  to 
have  succeeded  in  their  attempt  to  construct  a  consistent  system.  But 
I  conceive  that  my  office  as  an  historian  requires  me  to  exhibit  the  for- 
tunes of  this  science  in  the  most  distinct  form  of  which  they  admit, 
and  that  I  cannot  evade  the  duty  of  attempting  to  seize  the  true  aspect 
of  recent  occurrences  in  the  world  of  science.  Hence  I  venture  to 
speat  of  the  failnre  of  both  the  attempts  at  framing  a  pure  scientific 
system  of  mineralogy, — that  founded  on  the  chemical,  and  that  fonnded 
on  the  natural-history  principle ;  because  it  is  clear  that  they  have  not 
obtained  that  which  alone  we  could,  according  to  the  views  here  pre- 
sented, fonsider  as  success, — a  coincidence  of  each  with  the  other.  A 
Chemical  System  of  arrangement,  which  should  bring  together,  in  all 
cases,  the  substances  which  come  nearest  each  other  in  external  pro- 
perties ; — a  Satural-history  System,  which  should  be  found  to  arrange 
bodies  in  complete  accordance  with  their  chemical  constitution : — if 
such  systems  existed,  they  might,  with  justice,  claim  to  have  succeeded. 
Their  agreement  wonid  be  their  verification.  The  interior  and  exterior 
system  are  the  type  and  the  antitype,  and  their  entire  correspondence 
would  establish  the  mode  of  interpretation  beyond  doubt.  But  nothing 
less  than  this  will  satisfy  the  requisitions  of  science.  And  when, 
therefore,  the  chemical  and  the  natural-history  system,  though  evi- 
dently, as  I  conceive,  tending  towards  each  other,  are  still  far  from 
coming  tf^ether,  it  is  impossible  to  allow  that  either  method  has  been 
suoceesfiil  in  regard  to  its  proper  object. 

But  we  may,  I  think,  point  out  the  fallacy  of  the  principles,  as  well 
as  the  imperfection  of  the  results,  of  both  of  those  methods.  With 
regard  to  that  of  Eerzelins,  indeed,  the  history  of  the  subject  obviously 
betrays  its  unsonndness.  The  electro-positive  principle  was,  in  a  very 
short  time  after  its  adoption,  proved  and  acknowledged  to  be  utterly 
(intenable  ;  what  security  have  we  that  the  electro-negative  element  is 
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more  ti-ustworthy  ?  Was  not  the  necessity  of  an  entire  change  of  sys- 
tem, a  proof  that  the  gronrni,  whatever  that  was,  on  which  the  electro- 
chemical piTiiciple  was  adopted,  ivas  aa  unfounded  assumption !  And, 
in  feet,  do  we  not  find  that  the  same  argument  which  was  allowed  to 
be  iatal  to  the  First  System  of  Beraeliua,  applies  in  exactly  the  same 
manner  against  the  Second  ?  If  the  electro-positive  elements  he  often 
isomorphous,  are  not  the  electro-negative  elements  sometimes  isomor- 
phoua  also  f  for  instance,  the  arsenic  and  phosphoric  acids.  But  to  go 
farther,  what  is  the  ground  on  which  the  electro-cliemical  arrangement 
is  adopted?  Granted  that  the  electrical  relations  of  bodies  are  im- 
poi-tant ;  but  how  do  wo  come  to  tnow  that  these  relations  have  any- 
thing to  do  with  mineralogy  3  How  does  it  appear  that  on  them,  prin- 
cipally, depend  those  external  properties  which  mineralogy  must  studyS 
How  does  it  appear  that  because  sulphur  is  the  cleetro-negatiTe  part 
of  one  body,  and  an  acid  the  electro-negative  part  of  another,  these 
two  elements  similarly  affect  the  compounds?  How  does  it  appear 
that  there  is  any  analogy  whatever  in  their  functions  S  We  allow  that 
the  composition  must,  in  some  way,  determine  the  classified  place  of 
the  mineral,— hut  why  in  this  way? 

I  do  not  dwell  on  the  remark  which  Berzelius  himself"  makes  on 
Nordenskiold's  system ; — that  it  assumes  a  perfect  knowledge  of  the 
composition  in  every  case ;  although,  considering  the  usvial  discrepan- 
cies of  analyses  of  minerals,  this  objection  must  make  all  pure  chemi- 
c^  systems  useless.  But  I  may  observe,  that  mineralogists  have  not 
yet  determined  what  charactere  are  sufflciently  afSxed  to  determine  a 
species  of  minerals.  We  have  seen  that  the  ancient  notion  of  the 
composition  of  a  species,  has  been  unsettled  by  the  discovery  of  iso- 
morphism. The  tenet  of  the  constancy  of  tJie  angle  is  rendered  donbt- 
fnl  by  cases  of  plesiomorphism.  The  optical  properties,  which  are  so 
closely  connected  with  the  crystalline,  are  still  so  imperfectly  known, 
that  they  are  subject  to  changes  which  appear  capricious  and  arbitrary. 
Both  the  chemical  and  the  optical  mineralogists  have  constantly,  of  late, 
found  occasion  to  separate  species  which  had  been  united,  and  to  bring 
together  those  which  had  been  divided.  Everything  shows  that,  in 
this  science,  we  have  our  classification  still  to  begin.  The  detection 
of  ihat  fixity  of  characters,  on  which  a  right  establishment  of  species 
must  rest,  is  not  yet  complete,  great  as  the  progress  is  which  we  have 
made,  by  acquiring  a  knowledge  of  the  laws  of  crystallization  and  of 

'  Jakres  BericM.  viii.  18B. 
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definite  cLemical  constdtution.  Out-  ignorance  may  surprise  us;  but  it 
may  diminiBh  our  surprise  to  recollect,  that  the  knowledge  which  ivt, 
seek  is  that  of  the  laws  of  tho  physical  constitution  of  all  hodies 
whatever;  for  to  us,  as  mineralogists,  all  chemiLil  tompounls  iie 
minerals. 

The  defect  of  the  principle  of  the  natural-histon  nltesiheii:  may  be 
thus  stated : — in  studying  the  external  characters  cf  bodies  thej  take 
for  granted  that  they  can,  without  any  other  light,  discover  the  relative 
value  and  importance  of  those  characters.  The  grouping  of  Species 
into  a  Genus,  of  Genera  into  an  Order,  according  to  the  method  of  this 
school,  proceeds  by  no  definite  rules,  but  by  a  latent  talent  of  apprecia- 
tion,— a  sort  of  classiiying  instinct  But  this  course  cannot  reasonably 
be  expected  to  lead  to  scientific  truth  ;  for  it  can  hardly  be  hoped,  by 
any  one  who  loots  at  the  general  course  of  science,  that  we  shall 
discover  the  relation  between  external  characters  and  chemical  com- 
position, otherwise  than  by  tracing  their  association  in  cases  where 
both  are  tnown.  It  is  urged  that  in  other  classificatoiy  sciences,  in 
botany,  for  example,  we  obtain  a  natural  classification  from  external 
characters  without  having  recourse  to  any  other  source  of  knowledge. 
But  this  is  not  tuie  in  the  sense  here  meant.  In  framing  a  natural 
system  of  botany,  we  have  constantly  before  our  eyes  the  principles  of 
physiology ;  and  we  estimate  the  value  of  the  characters  of  a  plant  by 
their  bearing  on  its  fiinctions, — by  their  place  in  its  organization.  In 
an  unorganic  body,  the  chemical  constitution  is  the  law  of  its  being ; 
and  we  shall  never  succeed  in  iraming  a  science  of  such  bodies  but  by 
studiously  directmg  our  eftbrts  to  the  interpretation  of  that  law. 

On  these  grounds,  then,  I  conceive,  that  the  bold  attempts  of  Mobs 
and  of  Berzelins  to  give  new  forms  to  mineralogy,  cannot  be  deemed 
successful  in  the  manner  in  which  their  authors  aspired  to  succeed. 
Neither  of  them  can  be  marked  as  a  permanent  reformation  of  the 
science.  I  shall  not  inqmre  how  far  they  have  been  accepted  by  men 
of  science,  for  I  conceive  that  their  greatest  eff'ect  has  been  to  point 
out  improvements  which  might  be  made  in  mineralogy  mthout  going 
the  whole  length  either  of  the  pure  chemical,  or  of  the  pure  natural- 
history  system. 

Sect.  4, — Return  to  Mixed  Systems  with  Im.'pro'eein.en.ti,. 
In  spite  of  the  efforts  of  the  purists,  mineralogists  retunied  to  mixed 
systems  of  classification ;  but  these  systems  are  much  better  than  they 
were  before  such  efforts  were  made. 
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The  Second  System  of  Berzelius,  though  not  tenable  ii 
form,  approaches  far  nearer  than  any  previous  system  t 
character,  bringing  together  like  substances  in  a  large  portion  of  its 
extent.  The  System  of  Mohs  also,  whether  or  not  unconsciously 
swayed  by  chemical  doctrines,  forms  orde]^  which  have  a  community 
of  chemical  character ;  thus,  the  minerals  of  tlie  order  Haloide  ai'e 
salts  of  oxides,  and  those  of  the  order  Pt/riles  are  sulphurets  of  metals. 
Thus  the  two  methods  appear  to  be  convei^ng  to  a  common  centre ; 
and  though  we  are  imatle  to  follow  either  of  them  to  this  point  of 
union,  we  may  learn  from  both  in  what  direction  we  are  to  loot  for  it. 
If  we  regard  the  best  of  the  pure  systems  hitherto  devised  as  indications 
of  the  nature  of  that  system,  perfect  both  as  a  chemical  and  as  a  natu- 
ral-history system,  to  which  a  more  complete  condition  of  mineralogical 
knowledge  may  lead  na,  we  may  ott^n,  even  at  present,  a  tolerably 
good  approsimation  to  a  complete  classification  ;  and  such  a  one,  if  we 
recollect  that  it  must  be  imperfect,  and  is  to  be  held  as  provisional 
only,  may  be  of  no  small  value  and  nse  to  us. 

The  best  of  the  mixed  systems  produced  by  this  compromise  again 
comes  from  Freiberg,  and  was  published  by  Professor  Naumann  in 
1828.  Most  of  his  orders  have  both  a  chemical  character  and  great 
external  resemblances.  Thus  his  Haloides,  divided  into  XJnmetalUe  and 
Metallic,  and  these  again  into  Hydrous  and  Anhydrous,  give  good 
natural  groups.  The  most  difficult  minerals  to  arrange  in  all  systems 
are  the  siliceous  ones.  These  M.  Naumanu  calls  Silicides,  and  subdi- 
vides them  into  Metallic,  Uwmelallic,  and  Amphoteric  or  raised  ;  and 
again,  inf«  Hydrous  and  Anhydrous.  Such  a  system  is  at  least  a  good 
basis  for  future  researches ;  and  this  is,  as  we  have  said,  all  that  we  can 
at  present  hope  for.  And  when  we  recollect  that  the  natnral-history 
principle  of  classification  has  begun,  as  we  have  already  seen,  to  make 
its  appearance  in  our  treatises  of  chemistiy,  we  cannot  doubt  that  some 
progress  is  making  towards  the  object  which  I  have  pointed  out  But 
we  know  not  yet  how  &r  we  aie  from  the  end.  The  combination  of 
chemical,  crystallographical,  physical  and  optical  properties  into  some 
lofty  generalization,  is  probably  a  tiiumph  reserved  for  future  and  dis- 
tant years. 

Conclusion. — The  history  ot  Mmeralogy,  both  in  ite  successes  and  by 
its  failures,  teaches  us  this  lesson; — that  in  the  sciences  of  classification, 
the  establishment  of  the  fixity  of  characters,  and  the  discovery  of  such 
characters  as  are  fixed,  are  steps  of  the  first  importance  in  the  progress 
of  these  sciences.     The  recollection  of  this  maxim  may  aid  us  in  shap- 
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ing  our  course  througb.  the  history  of  other  sciences  of  this  kind  j  in 
which,  from  the  extent  of  the  subject,  and  tlie  mass  of  literature 
belonging  to  it,  wo  might  at  first  almost  despair  of  casting  the  history 
into  distinct  epocis  and  periods.  To  the  most  prominent  of  sucli 
sciences,  Botany,  I  now  proceed. 
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Vatem  napicies  quai  rupo  sub  alta 

Fata  canit,  foliisquo  notas  et  iiomina  mandat. 
3usB0unq.ue  ia  foliie  desciipat  cacmioa  yirgo 
D^eiit  in  numerum  atque  antro  eecluBa.  relinq.uit 
Ula  manent  immorfa  loois  aequo  ab  ordine  ceduat , 
ViHOiD.    ^n.m.44 

EohoM  the  Sibyl !— Her  ivho  weoTea  a  long, 
A  tangled,  full,  yet  sweetly  flowing  song. 
Wondrous  her  eliill ;  for  leaf  on  leaf  she  frames 
Unorring  synibols  and  enduring  names ; 
And  as  her  nicely  measured  line  sho  hinds, 
For  leaf  on  leaf  a  fitting  place  she  finds  ; 
Tteir  place  once  found,  no  mere  the  leaves  depart, 
But  fixed  rest ; — such  is  her  ma^c  art. 
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VE  now  arrive  at  that  study  wtich  offers  llie  most  copious 
and  complete  example  of  the  sciences  of  classification,  I  mean 
Botany.  And  in  this  case,  we  have  before  as  a  branch  of  knowledge 
of  wbiob  we  may  say,  more  properly  than  of  any  of  the  sciences 
which  we  have  reviewed  since  Astronomy,  that  it  has  been  constantly 
advancing,  more  or  less  rapidly,  from  the  infancy  of  the  hnman  race 
to  the  present  day.  One  of  the  reasons  of  this  resemblance  in  the 
fortunes  of  two  studies  so  widely  dissimilar,  is  to  be  found  in  a  simpli- 
city of  principle  wliieh  they  have  in  common ;  the  ideas  of  Likeness 
and  Difference,  on  which  the  knowledge  of  plants  depends,  are,  like 
the  ideas  of  Space  and  Time,  which  ai-e  the  foundation  of  astronomy, 
readily  apprehended  with  clearness  and  precision,  even  without  any 
peculiar  culture  of  the  intellect  But  another  reason  why,  in  the  his- 
tory of  Botany,  as  in  that  of  Astronomy,  the  progress  of  knowledge 
fonns  an  unbroken  line  from  the  eai-liest  times,  is  precisely  the  great 
difference  of  the  kind  of  knowledge  which  has  been  attained  in  the 
two  cases.  In  Astronomy,  the  discovery  of  general  tmtha  began  at  an 
early  period  of  civilization ;  in  Botany,  it  has  hardly  yet  begun ;  and 
thus,  in  each  of  these  departments  of  study,  the  lore  of  the  ancient 
is  homogeneons  with  that  of  the  modern  times,  though  in  the  one 
case  it  is  science,  in  the  other,  the  absence  of  science,  which  pervades 
all  ages.  The  resemblance  of  the  form  of  their  history  arises  from 
the  diversity  of  their  materials. 

I  sbail  not  here  dwell  further  upon  this  subject,  but  proceed  to 
trace  rapidly  the  progress  of  Systematic  Botany,  as  the  classificatory 
science  is  usually  denominated,  when  it  is  requisite  to  distinguish 
between  that  and  Physiolc^cal  Botany.  My  own  imperfect  acquaints 
ance  with  this  study  admonishes  me  not  to  venture  into  its  details, 
further  than  my  purpose  absolutely  requires.  I  trust  that,  by  taking 
my  views  principally  from  writers  who  are  generally  allowed  to  pos- 
sess the  best  insight  into  the  science,  I  may  be  able  to  draw  the 
larger  features  of  its  history  with  tolerable  correctness;  and  if  I  suc- 
(:eed  in  this,  I  shall  attain  an  object  of  great  importance  in  my  general 
scheme. 
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Ima&inauy  Knowiedge  of  Plants. 

rriHE  apprehenaion  of  such  differences  ancl  resemblances  as  those  by 
-*-  which  we  group  together  and  discriminate  the  various  tinda  of 
plants  and  animals,  and  the  appropriation  of  words  to  mark  and  con- 
vey the  resulting  notions,  must  ba  presupposed,  aa  essential  to  the 
very  beginning  of  human  knowledge.  In  whatever  manner  we  ima- 
gine man  to  be  placed  on  the  earth  by  his  Creator,  these  processes 
mnst  be  conceived  to  be,  as  our  Scriptures  represent  them,  contempo- 
raneous with  the  first  exertion  of  reason,  and  tlie  first  use  of  speech. 
If  we  were  ix>  indulge  ourselves  in  framing  a  hypothetical  account  of 
the  origin  of  language,  we  should  prob  bly  m  th  fi  t  f  cl 
words,  those  which  depend  on  the  i    bl    1  k      ^  lil     as    f 

objects;  and  should  arrange  aa  of  ail     q      t  f    m  t        th  m 

which  imply,  in  the  mind,  acts  of      d  bm  t  1  h    h 

abstraction.     At  any  rate,  it  is  cert^n  thtti  fthllsf 

vegetables  and  animals  are  very  abundant  even  m  the  most  uncivilized 
stages  of  man's  career.  Thus  we  are  informed'  that  the  inhabitants 
of  New  Zealand  have  a  distinct  name  of  eveiy  tree  and  plant  in  their 
isbmd,  of  which  there  are  six  or  seven  hundred  or  more  different 
kinds.  In  the  accoonts  of  the  rudest  tribes,  in  the  earliest  legends, 
poetry,  and  literature  of  nations,  pines  and  oats,  roses  and  violets,  the 
olive  and  the  vine,  and  the  thousand  other  productions  of  the  earth, 
have  a  place,  and  are  spoken  of  in  a  manner  which  assumes,  that  in 
such  kinds  of  natural  objects,  permanent  and  infallible  distinctions 
had  been  observed  and  universally  recognized. 

For  a  long  period,  it  was  not  suspected  that  any  ambiguity  or  con- 
■fasion  could  arise  from  the  use  of  such  terms ;  and  when  such  incon- 
veniences did  occur,  (as  even  in  early  times  they  did,)  men  were  far 
from  divining  that  the  proper  remedy  was  the  construction  of  a 
science  of  classification.  The  loose  and  insecure  terms  of  the  lan- 
1  life  retained  their  place  in  botany,  long  after  tJieir 


'  Yate's  iVera  Zealand,  p.  238. 
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detects  wore  severely  felt :  for  instance,  the  vague  and  unscientific  dis- 
tinction of  yegetables  into  trees,  shrubs,  and  herbs,  kept  its  ground  till 
the  time  of  Linnteuis. 

While  it  was  thus  imagined  that  the  identification  of  a  plant,  by 
means  of  its  name,  might  properly  be  trasted  to  the  common  uncul- 
tured faculties  of  the  mind,  and  to  what  we  may  call  the  instinct  of 
language,  all  the  attention  and  study  which  were  bestowed  on  such 
objects,  were  naturally  employed  in  learning  and  thinking  upon  such 
clrcnmstances  respecting  them  as  were  supplied  by  any  of  the  common 
channels  through  which  knowledge  and  opinion  flow  into  men's 
minds. 

The  reader  need  hardly  be  reminded  that  in  the  earlier  periods  of 
maa's  mental  culture,  he  acquires  those  opinions  on  which  he  loves 
to  dwell,  not  by  the  exercise  of  obaervation  subordinate  to  reason ; 
but,  far  more,  by  his  fancy  and  his  emotions,  his  love  of  the  marvel- 
lous, his  hopes  and  fears.  It  cannot  surprise  us,  therefore,  that  the 
earli^t  lore  concerning  plante  which  we  discover  in  the  records  of  the 
past,  consists  of  mythological  l^ends,  marvellons  relations,  and  extra- 
ordinary medicinal  qualities.  To  the  lively  fency  of  the  Greeks,  the 
Narcissus,  which  bends  its  head  over  the  stream,  was  originally  a 
youth  who  in  suci  an  attitude  beeame  enamored  of  his  own  beauty : 
the  hyacinth,^  on  whose  petals  the  notes  of  grief  were  ti'aced  (a  i,  a  i), 
recorded  the  sorrow  of  Apollo  for  the  death  of  his  fiivorite  Hyacin- 
thus :  the  beautiful  lotus  of  India,'  which  floats  with  its  splendid 
flower  on  the  sui-face  of  the  water,  is  the  chosen  seat  of  the  goddess 
Lackshmi,  the  daughter  of  Ocean.'  In  Egypt,  too,'  Osiris  swam  on  a 
lotus-leaf,  and  Harpocrates  was  cradled  in  one.  The  lotus-eaters  of 
Homer  lost  immediately  their  love  of  home.  Every  one  kno^Ts  how 
easy  it  would  be  to  accumulate  such  tales  of  wonder  or  religion. 

Those  who  attended  to  the  effects  of  plants,  might  discover  in  them 
some  medicinal  properties,  and  might  easily  imagine  more ;  and  when 
the  love  of  the  marvellous  was  added  to  the  hope  of  health,  it  is  easy 
to  believe  that  men  would  be  very  credulons.  "We  need  not  dwell  upon 
the  examples  of  this.     In  Pliny's  Introduction  to  that  book  of  his 


'  Lilinm  mortagon. 

Ipse  Buos  gemitus  foliis  insoribit  et  a  i,  a  i, 

Floa  haliet  insoriptum  funestaqne  iitevn,  dueta  est. — Ovid 

^  Nelumbinm  Bpeoiosum, 

1,  OeschUlde  der  Boianilc,  i.  27.  " 
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Natural  Iliakii-y  which  treats  of  tlie  medicinal  virtues  of  plants,  he 
says,'  "Antiquity  was  so  much  struct  with  the  properties  of  heths,  tliat 
it  afiSrmed  things  incredible.  Xanthus,  the  historiac,  says,  that  a 
man  killed  by  a  dragon,  will  be  restored  to  life  by  an  herb  which  he 
calls  ialin;  and  that  Thylo,  when  tilled  by  a  dragon,  was  recovered 
by  the  same  plant.  Dcmocritus  asserted,  and  Theophrastus  believed, 
that  there  was  an  herb,  at  the  touch  of  which,  the  wedge  which  the 
woodman  had  driven  into  a  tree  would  leap  out  again.  Though  we 
cannot  credit  these  stories,  most  persons  believe  that  almoBt  anything 
might  be  effected  by  means  of  herbs,  if  theii  virtues  were  fiilly  known." 
How  far  from  a  reasonable  estimate  of  the  reality  of  such  virtnes  were 
the  persons  who  entertained  this  belief  we  may  judge  iVom  the  many 
superstitious  observances  which  ttey  associated  with  the  gathering  and 
using  of  medicinal  plants.  Theophrastus  speaks  of  these ;'  "  The  drng- 
sellers  and  the  rhizotomists  (root-cutters)  tell  us,"  he  says,  "  some  things 
which  may  be  true,  but  other  things  which  are  merely  solemn  quackery ;' 
thus  they  direct  ns  to  gather  some  plants,  standing  from  the  wind,  and 
with'our  bodies  anointed;  somo  by  night,  seme  by  day,  some  before 
the  sun  falls  on  them.  So  far  there  may  be  something  in  their  rules. 
But  others  are  too  fantastical  and  far  fetched.  It  is,  perhaps,  not 
absurd  to  use  a  prayer  in  plucking  a  plant ;  but  they  go  fhrther  than 
this.  We  are  to  draw  a  sword  three  times  ronnd  the  mandragora,  and 
to  cut  it  looting  to  the  west :  again,  to  dance  round  it,  and  to  use 
obscene  language,  as  they  say  those  who  sow  cnmin  should  utter  blas- 
phemies. Again,  we  are  to  draw  a  line  round  the  black  hellebore, 
standing  to  the  east  and  praying ;  and  to  avoid  an  eagle  either  on  the 
right  or  on  the  left ;  for,  say  they,  '  if  an  eagle  be  near,  the  cutter  wil) 
die  in  a  year.' " 

This  extract  may  serve  to  show  the  extent  to  which  these  imagina- 
tions were  prevalent,  and  the  manner  in  which  they  were  looked  upon 
by  Theophrastus,  onr  first  great  botanical  author.  And  we  may  now 
consider  that  we  have  given  sufiicient  attention  to  these  fables  and 
superstitions,  which  have  no  place  in  the  history  of  the  progress  of 
real  knowledge,  except  to  show  the  strange  chaos  of  wild  fancies  and 
legends  out  of  which  it  had  to  emerge.  "Wo  proceed  to  trace  the 
history  of  the  knowledge  of  plants. 

'  Ub,  sxv.  6.  '  Se  I'lantii,  ii.  9.  '  ETirpovfjioBi-rss. 
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CHAPTEK  II. 

UNSYeTEMAXIO    KsOWLBBOS    OS    Fl.A 


A  STEP  -was  made  towards  tke  formation  of  tlie  Science  of  Plants, 
"-  although  undoubtedly  a  slight  one,  as  soon  as  men  began  to  col- 
lect information  concerning  them  and  their  properties,  from  a  love  and 
reverence  for  tnowledge,  independent  of  t\e  passion  fur  the  marvel- 
lous and  the  impulse  of  practical  utility.  This  step  was  very  early 
made.  Tlie  "wisdom"  of  Solomon,  and  the  admiration  whict  was 
bestowed  upon  it,  prove,  even  at  that  period,  such  a  working  of  the 
specnlatave  faculty :  and  wo  are  told,  that  among  other  evidences  of 
his  being  "wiser  than  all  men,"  "he  spake  of  trees,  ii-om  the  cedar- 
tree  that  is  in  Lebanon  even  nnto  tlie  hyssop  that  springeth  out  of  the 
wall."'  The  fether  of  Jiistory,  Herodotus,  shows  as  that  a  taste  for 
natural  history  had,  in  his  time,  found  a  place  in  the  minds  of  the 
Greeks.  In  speaking  of  the  luxuriant  vegetation  of  the  Babylonian 
plain,'  he  is  so  far  from  desiring  to  astonish  merely,  that  he  says,  "the 
blades  of  wheat  and  barley  are  full  four  fingers  wide;  but  as  to  the 
size  of  the  trees  which  grow  from  millet  and  sesame,  though  I  could 
mention  it,  I  will  not ;  knowing  well  that  those  who  have  not  been  in 
that  country  will  hardly  believe  what  I  have  said  already."  He  then 
proceeds  to  describe  some  remai-kable  tircumetances  lespectirg  the 
fertilization  of  the  date-palms  in  Assyria, 

This  carious  and  active  spirit  of  the  Greeks  led  rapidly,  is  vie  have 
seen  in  other  instances,  to  attempts  at  collecting  and  svstematizmg 
knowledge  on  almost  every  subject :  and  m  this,  as  m  almost  every 
other  department,  Aristotle  may  bo  fixed  upon,  as  the  representatu  e 
of  the  highest  stage  of  knowledge  and  sTstem  which  the>  ever 
attained.  The  vegetable  kingdom,  like  every  other  pro^mce  of  nature, 
was  one  of  the  fields  of  the  labors  of  this  nmver&il  philosopher 
But  though  his  other  works  on  natural  history  ha^e  come  down  to 
us,  and  are  a  most  valuable  monument  of  the  state  cf  such  tnonlc  l^e 
in  his  time,  his  Treatise  on  Plants  is  lost      The  book  J)e  Planh'- 
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which  appears  with  his  name,  ia  an  imposture  of  the  middle  ages,  full 
of  eiTors  and  absurdities.' 

pie,  friend,  and  enccessor,  TheopLrastus  of  Ereaos,  is,  as  we 
ilready,  the  first  great  writer  on  botany  whose  works  we 
i,  as  may  be  said  in  most  cases  of  the  first  great  writer,  he 
a  richer  store  of  genuine  knowledge  and  good  sense  than 
all  his  successors.  But  we  find  in  him  that  the  Greeks  of  his  time, 
who  aspired,  as  we  have  said,  to  collect  and  st/aimnalm  a  body  of 
information  on  every  subject,  felled  in  one  half  of  tlieir  object,  as  for 
as  related  to  the  vegetable  world.  Their  att«mpts  at  a  systematic  dis- 
tribution of  plants  were  altogether  futile.  Although  Aristotle's  divi- 
sions of  the  animal  kingdom  are,  even  at  this  day,  looked  upon  with 
admiration  by  the  best  naturalists,  the  arrangements  and  comparisons 
of  plants  which  were  contrived  by  Theophrastus  and  his  successors, 
have  not  left  the  slightest  trace  in  the  modern  form  of  the  science ; 
and,  therefore,  according  to  oiu-  plan,  are  of  no  importance  in  oui'  his- 
tory. And  thus  we  can  treat  all  the  miscellaneous  information  con- 
cerning vegetables  which  was  accumulated  by  the  whole  of  this 
school  of  writers,  in  no  other  way  than  as  something  antecedent  to 
the  first  progrera  towards  systematic  knowledge. 

The  information  thus  collected  by  the  unsj^stcmatic  writers  is  of 
various  kinds ;  and  relates  to  the  economical  and  medicinal  uses  of 
plants,  their  habits,  mode  of  cultivation,  and  many  other  circum- 
stances :  it  frequently  includes  some  description ;  but  this  is  always 
extremely  impei'&ct,  because  the  essential  conditions  of  description 
had  not  been  discovered.  Of  works  composed  of  materials  so  hetero- 
geneous, it  can  be  of  little  use  to  produce  specimens;  but  I  may  ijuote 
a  few  woi-ds  from  Theophrastus,  which  may  serve  to  connect  him  with 
the  future  history  of  the  science,  as  bearing  upon  one  of  the  many 
problems  respecting  the  identification  of  ancient  and  modem  plants. 
It  has  been  matle  a  question  whether  the  following  description  does 
not  refer  to  the  potato.*  He  is  speaking  of  the  differences  of  roots  : 
"  Some  roote,"  he  says,  "  are  still  different  from  those  which  have  been 
described ;  as  that  of  the  amchidna '  plant :  for  this  bears  frait  under- 
ground as  well  as  above  :  the  fleshy  part  sends  one  thick  root  deep 
into  the  ground,  but  the  others,  which  bear  the  fruit,  are  more  slender 


'  Mirbel,  BotaMque,  ii,  S03.  '  Theoph.  i, 

'  Most  probably  the  Araehmi  kypogisa,  or  gconr 
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and  higlier  up,  and  ramified.  It  loves  a  sandy  soil,  and  lias  no  leaf 
whatever." 

The  booJts  of  Aristotle  and  Theophrastus  soon  toot  tlie  place  of  the 
Book  of  Nature  in  the  attention,  of  tie  degenerate  philosophers  who 
succeeded  them.  A  story  is  told  by  Straho"  concerning  the  fate  of  the 
works  of  these  great  naturalists.  In  the  case  of  tlie  wars  and  changes 
which  occurred  among  the  successors  of  Alexander,  the  heirs  of  Theo- 
phrastus tried  to  secure  to  themselves  his  hooka,  and  th(«e  of  his  mas- 
ter, by  burying  them  in  the  ground.  There  the  manuscripts  suffered 
much  from  damp  and  worms ;  till  ApoHonicon,  a  book-collector  of 
those  days,  purchased  them,  and  attempted,  in  his  own  way,  to  supply 
what  time  Lad  obliterated.  "When  Sylla  marched  the  Eoman  troops 
into  Athena,  he  took  possession  of  the  libraiy  of  Apollonicon ;  and  the 
works  which  it  contained  were  soon  circulated  among  the  learned  of 
Eome  and  Alexandria,  who  were  thus  enabled  to  Aristotelm''  on 
botany  as  on  other  subjects. 

The  library  collected  by  the  Attalic  tings  of  Pergamus,  and  tlie 
Alexandrian  Museum,  founded  and  supported  by  the  Ptolemies  of 
I^ypt^  rather  fostered  the  commentatorial  spirit  than  promoted  the 
increase  of  any  real  knowledge  of  nature.  The  Romans,  in  this  as  in 
other  subjects,  were  practical,  not  speculative.  They  had,  in  the  times 
of  their  national  vigor,  several  writers  on  agriculture,  who  were  highly 
esteemed ;  but  no  author,  till  we  come  to  Pliny,  who  dwells  on  the 
mere  knowledge  of  plants.  And  even  in  Pliny,  it  is  easy  to  perceive 
that  we  have  before  us  a  writer  who  extracted  his  information  princi- 
pally from  books.  This  remarkable  man,'  in  the  middle  of  a  public 
and  active  life,  of  campaigns  and  voyages,  contrived  to  accumulate,  by 
reading  and  study,  an  extraordinary  store  of  knowledge  of  all  kinds. 
So  unwilling  was  he  to  have  his  reading  and  note-making  inteiTupted, 
that,  even  before  day-break  in  winter,  and  from  his  litter  as  he  tra- 
velled, he  was  wont  to  dictate  to  his  amanuensis,  who  was  obliged  to 
preserve  his  hand  from  the  numbness  which  the  cold  occMioned,  \iy 
the  use  of  gloves." 

It  has  been  ingeniously  observed,  that  we  may  find  traces  in  the 
botanical  part  of  his  Natural  History,  of  the  errors  which  this  huwied 
and  broken  habit  of  study  produced ;  and  that  he  appears  frequently 
to  Lave  Lad  books  read  to  him  and  to  have  heard  them  amiss."    Thus, 

■^  Strabo,  lib.  siii.  a.  i.,  §  54,  '  AfiBri^rXi^i,,..  '^  Spreugel,  i,  163. 

"  Plin.  Jan.  Epjet.  3,  5.  "  Sprpiigel,  i.  133. 
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among  several  other  instances,  Theophraatus  having  said  that  the  plane- 
tree  is  in  Italy  rare,"  Pliny,  misled  hy  tlie  similarity  of  the  Greet 
word  (spanian,  rare),  says  that  the  tree  occars  in  Italy  and  Spain." 
His  work  has,  witli  great  propriety,  heen  called  the  Encyclopedia  of 
Antiquity ;  and,  in  truth,  there  are  few  portions  of  the  learning  of  tlie 
times  to  which  it  does  not  refer.  Of  the  thirty-seven  Boots  of  which 
it  consists,  no  less  than  sixteen  (from  the  twelfth  to  the  twenty-seventh) 
relate  to  plants.  The  information  which  is  collected  in  these  boots,  is 
of  the  most  miscellaneous  iind;  and  the  author  admits,  with  little 
distinction,  truth  and  error,  useful  knowledge  and  absurd  fables.  The 
declamatory  style,  and  the  comprehensive  and  lofty  tone  of  thought 
which  we  have  already  spoten  of  as  characteristic  of  the  Eoman 
wrjtei^  are  peculiarly  observable  in  him.  The  manner  of  bis  deatb  is 
well  known  :  it  was  occasioned  by  the  eruption  of  Vesuvius,  a.d,  79, 
to  which,  in  bis  curiosity,  he  ventured  so  near  as  to  be  suffocated. 

Pliny's  work  acquired  an  almost  unlimited  authority,  as  one  of  the 
BtandaKls  of  botanical  inowledge,  in  the  middle  ages  ;  but  even  more 
than  his,  that  of  his  contemporaiy,  Pedanius  Dioscorides,  of  Anazarbus 
in  Olicia.  This  work,  written  in  Greek,  is  held  by  the  brat  judges"  to 
offer  no  evidence  that  tJie  author  observed  for  himself.  Yet  he  says 
exprrasly  in  his  Preface,  that  his  love  of  natural  history,  and  hii  mill 
tary  life,  have  led  him  into  many  (countries,  m  which  he  has  had 
opportunity  to  become  aequainted  with,  the  n<*tuie  of  herbs  and  trees  " 
He  speaks  of  six  hundred  plants,  but  often  indiuites  only  their  names 
and  properties,  giving  no  description  by  which  they  can  be  identified 
The  main  cause  of  his  great  reputation  in  subsequent  timet  was  t^iat 
lie  says  much  of  the  medicinal  virtues  of  vegetables 

We  come  now  to  the  ages  of  darkness  and  lethaigj,  when  the  habit 
of  original  thought  seems  to  die  away,  a"  the  talent  ot  oiigmal  ohsei 
valjon  had  done  before.  Commentatoia  and  mystics  succeed  to  the 
philosopbioal  naturalists  of  better  times  And  though  -i  new  race, 
altogether  distinct  in  blood  and  character  from  the  Greek,  appropriate" 
to  itself  the  stores  of  Grecian  leaimng,  this  movement  does  not,  is 
migbt  be  expected,  break  tbe  chains  ot  literary  slavery     Thi' Aral" 


"  TLeoph.  iv.  1.    "Er  /<i»  y^  ™  'Aipio  aXiir^i^r  H  fai 

"  Hin.  Nat.  Silt.  xii.  8.    Et  ^ias  (platanoa)  idst 
Sisptmia,  iipud  auotores  inyenitni'. 
"  Miphc"].  510.  "  Sprens-el,  i 
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bring,  to  the  cultivation  of  tlie  science  of  the  Greeks,  their  own 
oriental  hahit  of  submission,  tieir  oriental  love  of  wonder;  and  thus, 
while  they  swell  the  herd  of  commentator  and  mystics,  they  produce 


Yet  the  Arabs  discharged  an  important  function  in  the  history  of 
human  knowledge,'*  by  preserving,  and  transmitting  to  more  enlight- 
ened times,  the  intellectual  treasures  of  antiquity.  The  unhappy  dis- 
sensions which  took  place  in  the  Chi'istiaii  church  had  scattered  these 
treasures  over  the  East,  at  a  period  much  antecedent  to  the  rise  of  the 
Saracen  power.  In  the  fifth  century,  the  adherents  of  Nestorius, 
bishop  of  Constantinople,  were  declared  heretical  by  the  Counoi!  of 
Ephesus  (A.D.  431),  and  driven  into  exile.  In  this  manner,  many  of 
the  most  learned  and  ingcniona  men  of  the  Christian  world  were 
removed  to  the  Euphrates,  where  they  formed  the  Chaldean,  church, 
erected  the  celebrated  Nestorian  school  of  Edessa,  and  gave  rise  to 
many  offsets  from  this  in  various  regions.  Already,  in  the  fifth  cen- 
taiy,  Hibas,  Camas,  and  Probus,  translated  the  writings  of  Aristotle 
into  Syriac.  Bat  the  learned  Nestorians  paid  an  especial  attention  to 
the  art  of  medicine,  and  were  the  most  zealous  students  of  the  works 
of  the  Greek  physicians.  At  Djondisabor,  in  KJiusistan,  they  became 
an  ostensible  medical  school,  who  distributed  academical  honors  as 
the  result  of  public  disputations.  The  calife  of  Bagdad  heard  of  the 
fame  and  the  wisdom  of  the  doctors  of  Djondisabor,  summoned  some 
of  them  to  Bagdad,  and  took  measures  for  the  foundation  of  a  school 
of  learning  in  that  city.  The  value  of  the  skill,  the  learning,  and  the 
virtues  of  tie  Nesto  '  t   ngly  f  It  that  th  y  were  allowed 

by  the  Mohammeda      th    fi  is     f  th    Chn  tian  religion,  and 

iutrasted  with  the  c  d  t  f  th  t  1  t  th  f  the  Moslemin, 
whose  education  wa  m  t  d  f  Th  affin  ty  f  the  Syriac  and 
Arabic  languages  m  d    th    t    k    f      tru  t    n  m  sy.     The  Nes- 

toriana  translated  th  k     f  th  t       t    f  th    foimer  into  the 

latter  language  ;  hen  th  a  1 11 1  und  Aiab  manuscripts  of 
Dioscorides,  with  fejn  w  d  tl  m  g  PI  ny  and  Aristotle 
likewise  assumed  anAb      1  Iw       aawHas  Dioscorides, 

the  foundation  of  instraction  in  all  the  Arabian  academies ;  of  which 
a  great  number  were  established  throughout  the  Saracen  empire,  from 
Bokhara  in  the  remotest  east,  to  Marocco  and  Cordova  in  the  west. 
After  some  time,  the  Mohammedans  themselves  began  to  translate  and 
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extract  from  their  Syriac  sources ;  and  at  length  to  write  works  of  their 
own.  And  tlms  arose  vast  libraries,  sucli  as  that  of  Cordova,  which 
contained  250,000  volumes. 

The  Nestoriaiis  are  stated^' to  liavo  first  established  among  the  Arabs 
those  collections  of  medicinal  substances  (Apotheccs),  from  wMch  our 
term  Apoiliecary  is  faten ;  and  to  have  written  boots  (Dispensatoria) 
containing  systematic  instructions  for  the  employment  of  tliese  medica- 
ments ;  a  word  which  long  continued  to  he  implied  in  the  same  sense, 
and  whicli  we  also  retain,  though  in  a  modified  application  (Dis- 


The  directors  of  these  collections  were  supposed  to  be  intimately 
acquainted  with  plants ;  and  yet,  in  truth,  the  knowledge  of  plants 
owed  but  little  to  tliem;  for  the  Arabic  Bioscorides  was  the  source  and 
standard  of  their  knowledge.  The  flourishing  commerce  of  the  Arar 
bians,  their  numerous  and  distant  journeys,  made  them,  no  doubt, 
practically  acc[uainted  with  the  productions  of  lands  unknown  to  tte 
Greeks  and  Romans.  Their  Nestorian  teachers  had  established  Chris- 
tianity even  as  far  as  China  and  Malabar;  and  their  travellers 
mention"  the  camphor  of  Sumatra,  the  aloe-wood  of  Socotra  near  Java, 
the  t«a  of  China.  But  they  never  learned  the  art  of  converting  their 
practical  into  speculative  knowledge.  They  treat  of  plants  only  in  so 
far  as  their  use  in  medicine  is  concerned,"  and  followed  Bioscorides  in 
the  description,  and  even  in  the  order  of  the  plants,  except  when  they 
arrange  them  according  to  the  Arabic  alphabet.  With  little  clearness 
of  view,  they  often  mistake  what  they  read : "  thus  when  Dioscorides 
says  that  Ugvsticon  grows  on  the  Apennine,  a  mountain  not  far  from 
the  Alps;  Avicenna,  misled  by  a  resemblance  of  the  Arabic  letters, 
quotes  him  as  saying  that  the  plant  grows  on  A/cahis,  a  mountain  near 
E^pt. 

It  is  of  little  use  to  enumerate  such  writers.  One  of  the  most  noted 
of  them  was  Mesue,  physician  of  the  Calif  of  Kabirah.  His  TCork, 
which  was  translated  into  Latin  at  a  later  period,  was  entitled,  On  Sim- 
ple Medicines  ;  a  title  which  was  common  to  many  medical  treatises, 
from  the  lame  of  Galen  in  the  second  century.  Indeed,  of  this  oppo- 
sition of  simple  and  compound  medicines,  ive  still  have  traces  in  our 
language : 
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He  would  ope  his  leathern  scrip, 
And  Bhow  me  simples  of  a  thousand  names. 
Telling  their  strange  and  vigoroua  faculties. 


Where  tie  subject  of  our  history  is  so  entirely  at  a  stand,  it  is 
unprofitable  to  dwell  on  a  list  of  names.  The  Arabians,  small  aa  their 
soienoe  was,  were  able  to  instruct  the  Christians.  Their  writings  were 
translated  by  learned  Europeans,  for  instance  Michael  Scot,  and  Con- 
stantine  of  Afidca,  a  Carthaginian  who  had  lived  forty  years  among 
the  Saracens,"  and  who  died  ajj.  1087.  Among  his  works,  is  a  Ti'ca- 
tise,  Be  Cfradibus,  which  contains  the  Arabian  medicinal  lore.  In  the 
thirteenth  century  occur  Encycloptedias,  as  that  of  Albertns  Magnus, 
and  of  Vincent  of  Beauvais ;  but  these  contain  no  natural  history  except 
traditions  and  fables.  Even  tlie  ancient  writers  were  altogether 
perverted  and  disfigured.  The  Dioscoridcs  of  the  middle  ages  varied 
materially  from  ours."  Monks,  merchants,  and  adventurers  travelled 
far,  but  knowledge  was  little  increased.  Simon  of  Genoa,'*  awriter  on 
plants  in  the  fourteenth  century,  boasts  that  he  perambulated  the  East 
in  order  to  collect  plants.  "  Yet  in  his  Clavis  Sanationis^''  says  a 
modern  botanical  writer,"  "we  discover  no  trace  of  an  acquaintance 
with  nature.  He  merely  compares  the  Greek,  Arabic,  and  Latin 
names  of  plants,  aud  gives  their  medicinal  etFect  after  his  predeces- 
sors:"— so  little  true  is  it,  that  the  use  of  the  senses  alone  necessarily 
leads  to  real  knowledge. 

Though  the  growing  activity  of  thought  in  Europe,  and  the  revived 
acquaintance  with  the  authors  of  Greece  in  their  genuine  form,  were 
gradually  dispelling  the  intellectual  clouds  of  the  middle  ages,  yet 
during  the  fifteenth  century,  botany  makes  no  approach  to  a  scientific 
form.  The  greater  part  of  th.e  literature  of  this  subject  consisted  of 
Herbals,  all  of  which  were  formed  on  the  same  plan,  and  appeared 
under  titles  such  as  Hortus,  or  Ortus  Sanitatis.  There  are,  for  esam- 
ple,  three"  such  German  Herbals,  with  woodcuts,  which  date  about 
1490.  But  an  important  peculiarity  in  these  works  is  that  they  con- 
tain some  indigenous  species  placed  side  by  side  with  the  old  ones.  In 
1516,  The  Gh-ete  Jferbal  vtus  published  in  England,  also  with  woodcuts. 
It  contains  an  account  of  more  than  four  hundred  v^etables,  and  their 


"  Augsburg,  1488.    Mainz,  1491.    Labec,  1483. 
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products ;  of  which  one  liuudred  and  fifty  are  English,  and  arc  do  way 
distinguished  from  the  exotics  by  the  mode  in  which  they  are  inserted 
in  the  wort. 

We  shall  see,  in  the  next  chapter,  that  when  the  intellect  of  Europe 
began  really  to  apply  itself  to  the  observation  of  nature,  the  progress 
towards  genuine  science  soon  hegan  to  be  visible,  in  this  as  in  other 
subjects;  but  before  this  tendency  could  operate  freely,  the  tistory  of 
botany  was  destined  to  show,  in  another  instance,  how  much  more 
grateful  to  man,  even  when  roused  to  intelligence  and  activity,  is  the 
stndy  of  tradition  than  the  study  of  nature,  "When  the  scholars  of 
Europe  had  become  acquainted  with  the  genuine  works  of  the  ancients 
in  the  original  languages,  the  pie  u  e  and  idmi  t  on  wh  ch  they  felt 
led  them  to  the  most  zealous  enl  wo  s  to  11  t  ate  a  1  apjly  wh^t 
they  read.  They  fell  into  the  erf  suiposng  that  the  plant 
described  by  Thcophrastns,  J)  osco  de  PI  y  n  u  t  be  tiose  wha  h 
grew  in  their  own  fields.  \.iil  th  s  Puell  u=,  a  F  en  h  phy  c  n 
who  only  travelled  in  the  environs  of  P^ris  and  Picaidy,  imagmed  that 
he  found  there  the  plants  of  Italy  and  Greece.  The  originators  of 
genuine  botany  in  Germany,  Brunfels  and  Tragus  (Bock),  committed 
the  same  mistake ;  and  hence  arose  the  misapplication  of  classical 
names  to  many  genera.  The  labors  of  many  other  learned  men  took 
the  same  direction,  of  treating  the  ancient  writers  as  if  they  alone 
were  the  sources  of  knowledge  and  truth. 

But  the  philosophical  spirit  of  Europe  was  already  too  vigorous  to 
allow  this  superstitious  erudition  to  exercise  a  lasting  sway.  Leoni- 
cenus,  who  taught  at  Ferrara  till  he  was  almost  a  hundred  years  old, 
and  died  in  1624,"  disputed,  with  great  freedom,  the  authority  of  the 
Arabian  writers,  and  even  of  Pliny.  He  saw,  and  showed  by  many 
examples,  tow  little  Pliny  himself  knew  of  nature,  and  how  many 
errors  he  had  made  or  transmitted.  The  same  independence  of 
thought  with  regard  to  other  ancient  writers,  was  manifested  by  other 
scholars.  Yet  the  power  of  ancient  authority  melted  away  but  gra- 
dually. Thus  Antonius  Brassavola,  who  established  on  the  banks  of 
the  Po  the  first  botanical  garden  of  modern  times,  published  in  1530, 
Ilia  Examen  omnium  SmpUcium,  Medicamentorum ;  and,  as  Cuvior 
says,"  though  he  studied  plants  in  nature,  his  book  (wiitten  in  the 


*  De  Ifaiwa  Stirpiian,  15, 
"  Hist,  dee  So.  Nal.  partie 
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Platonic  form  of  dialogue),  has  still  the  character  of  a  commentary  o^\ 
the  ancients. 

The  Germans  appear  to  have  heen  the  first  to  liberate  themselves 
from  this  thraldom,  and  to  publish  works  founded  mainly  on  actual 
observation.  The  first  of  the  botanists  who  had  this  great  merit  is 
Otho  Brunfels  of  Mentz,  whose  work,  Herbarum  Vivce  Icones,  appeared 
in  1530.  It  consists  of  two  volumes  in  folio,  with  wood-cnts ;  and  in 
1532,  a  German  edition  was  published.  The  plants  which  it  contains 
are  given  without  any  airangement,  and  thus  he  belongs  to  the  period 
of  unsystematic  knowledge.  Yet  the  progress  towards  the  forma- 
tion of  a  system  manifested  itself  so  Immediately  in  the  series  of  Ger- 
man botanists  to  which  he  belongs,  that  we  might  with  almost  equal 
propriety  transfer  him  to  the  history  of  that  progress ;  to  which  we 


CHAPTER  m. 
Formation  or  a  System  of  Areakobmekt  of  Plakte. 

Sect.  1. — Prelude  to  the  Epoch  of  Omsalpirms. 

THE  arrangement  of  plants  in  the  earliest  works  was  either  arbi- 
trary, or  according  to  their  use,  or  some  other  extraneous  circum- 
stance, as  in  Pliny,  This  and  thedirision  of  vegetables  by  Dioscorides 
into  arrnnaiie,  alimentaTy,  medicinal,  ■Btnotis,  is,  as  will  be  easily  seen, 
a  merely  casual  distribution.  The  Arabian  writers,  and  those  of  the 
middle  ages,  showed  still  more  clearly  their  insensibility  to  the  nature 
of  system,  by  adopting  an  alphabetical  arrangement ;  which  was  em- 
ployed also  in  the  Herbals  of  the  sixteenth  century.  Enmfels,  ss  we 
have  said,  adopted  no  principle  of  order ;  nor  did  his  snccessor,  Fuchs. 
Tet  the  latter  writer  ni^od  his  countrymen  to  put  aside  their  Arabian 
and  barbarous  Latin  doctors,  and  to  observe  the  vegetable  kingdom  for 
themselves ;  and  he  himself  set  the  example  of  doing  this,  examined 
plants  with  zeal  and  accuracy,  and  made  above  fifteen  hundred  draw- 
ings of  them.' 

'  His  ffistoria  Stirpium  was  pTiWielied  at  Basil  in  1542. 
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The  difficulty  of  representing  plants  in  any  useful  way  by  means  of 
drawings,  is  greater,  peAaps,  thaE  it  at  first  appeals.  So  long  as  no 
distinction  v/as  made  of  the  importance  of  different  organs  of  the  plant, 
a  pictnre  representing  merely  the  obrioas  general  appcai-ance  and 
laiger  parts,  waa  of  comparatively  small  value.  Hence  we  are  not  to 
wonder  at  the  slighting  manner  in  which  Pliny  speaks  of  such  records. 
"  Those  who  gave  snct  pictures  of  plants,"  he  says,  "  Crateuas,  Diony- 
sins,  Metrodoras,  have  shown  nothing  clearly,  except  Hie  difficulty  of 
their  undertaking.  A  picture  may  be  mistaken,  and  is  changed  and 
disfigured  by  copyists ;  and,  without  these  imperfections,  it  is  not 
enough  to  represent  the  plant  in  one  state,  since  it  has  four  diiferent 
aspects  in  the  four  seasons  of  the  year." 

The  diffusion  of  the  habit  of  exact  drawing,  especially  among  the 
countrymen  of  Albert  Dnver  and  Lucas  Cmnaeh,  and  the  invention  of 
wood-cuts  and  copper-plates,  remedied  some  of  these  defects.  More- 
over, the  conviction  gradually  arose  in  men's  minds  that  the  structure 
of  the  flower  and  the  frnit  are  the  most  important  circumstances  in 
fixing  the  identity  of  the  plant.  Theophrastus  speaks  with  precision 
of  the  organs  whicb  he  describes,  but  these  are  principally  the  leaves, 
roots,  and  stems.  Fuchs  uses  the  term  apkes  for  the  anthers,  and 
ffluma  for  the  blossom  of  grasses,  thus  showing  that  he  had  noticed 


In  the  next  writer  whom  we  have  to  mention,  we  find  some  traces 
of  a  perception  of  the  real  resemblances  of  plants  beginning  to  appeal'. 
It  is  impossible  to  esplwn  the  progress  of  such  views  without  assuming 
in  ike  reader  some  acquaintance  with  plants ;  but  a  very  few  words 
may  suffice  to  convey  the  requisite  notions.  Even  in  plants  which 
most  commonly  come  in  our  way,  we  may  perceive  instances  of  tie 
resemblances  of  which  we  speak.  Thus,  Mint,  Maijoram,  Basil,  Sage, 
Lavender,  Thyme,  Dead-nettle,  and  many  other  plants,  have  a  tubular 
flower,  of  which  the  mouth  is  divided  into  two  lips ;  hence  they  are 
formed  into  a  family,  and  termed  Labiatce,  Again,  the  Stock,  the 
Wall-flower,  the  Mustard,  the  Creea,  the  Lady-smock,  the  Shepherd's- 
purse,  have,  among  other  similarities,  their  blossoms  with  four  petals 
arranged  crosswise;  these  are  all  of  the  order  Cruciferte.  Other 
flowers,  apparently  more  complex,  still  resemble  each  other,  as  Daisy, 
Marigold,  Aster,  and  Chamomile;  these  belong  to  the  order  Com- 
podtm.  And  though  the  members  of  each  such  family  may  differ 
widely  in  their  laiger  parts,  tlieir  stems  and  leaves,  the  close  study  of 
nat-ire  leads  the  botanist  in'csisfibly  to  consider  their  resemblances  as 
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occupying  a  t     m  po  taut  pla     tli     tl        1  fi  r  n  It      tl  e 

general  establ  ahment  ot  th  s  con    ct  on    nd    ts  co  seq  en  \    h 

we  have  no  v  to  follow 

The  first  w  te  L  m    re  find  th     traces  of  an  arr  ngement 

depending  upon  these  <itur  1  resemblances,  H  eronymu  T  an^ 
(Jerom  Bocl )  ■*  kbor  mis  (erma  t  ta  ist  -^vho  H51  j  bl  lei 
3  herbal.  I  th  s  worL,  seveml  ot  the  spe  ea  nclud  i  n  tho  e  at 
ral  families  to  wh  h  we  ha  e  all  ded,  is  for,  nstance  the  Lab  at<e, 
the  CracifeiM,  the  Compositse,  are  for  the  most  part  brought  together; 
and  thus,  although  with  many  mistakes  as  to  such  connexions,  a  new 
principle  of  order  is  introduced  into  the  subject. 

In  pursuing  the  development  of  such  principles  of  natural  order,  it 
is  necessary  to  recollect  that  the  principles  lead  to  an  assemblage  of 
divisions  and  groaps,  successively  subordinate,  the  lower  to  the  higher, 
like  the  brigades,  regiments,  and  companies  of  an  army,  or  the  pro- 
vinces, towns,  and  parishes  of  a  kingdom.  Species  are  included  in 
Genera,  Genera  in  Families  or  Orders,  and  orders  in  Classes.  The 
perception  that  there  is  some  connexion  among  the  species  of  plants, 
was  the  first  essential  step ;  the  detection  of  different  marks  and  cha- 
racters which  should  give,  on  the  one  hand,  limited  groups,  on  the 
other,  comprehensive  divisions,  were  other  highly  important  parts  of 
this  advance.  To  point  out  every  successive  movement  in  this  pro- 
gress would  be  a  task  of  extreme  difficult^',  but  we  may  note,  as  the 
most  prominent  portions  of  it,  the  establishment  of  the  groups  which 
immediately  include  Species,  that  is,  the  formation  of  Genera;  and 
the  invention  of  a  method  which  should  distribute  into  consistent  and 
distinct  divisions  the  whole  vegetable  kingdom,  that  is,  the  construe- 
tion  of  a  Si/stem. 

To  the  second  of  these  two  steps  we  have  no  difficulty  in  assigning 
its  proper  author.  It  belong  to  C'Bsalp  n  and  mai'ks  the  first  great 
epoch  of  this  science.  It  i  1  asy  t  tate  to  what  botanist  is  due 
the  establishment  of  Genera  y  t  w  y  justly  assign  the  greater 
part  of  the  merit  of  this  m    nt   n  usually  done,  to  Conrad 

Gessner  of  Zurich.  This  n  n  nt  natu  al  st,  after  publishing  his 
great  work  on  animals,  died  f  th  pi  ti  in  1585,  at  the  age  of 
forty-nine,  while  he  was  pr  p  g  t  }  bl  h  a  History  of  Plants,  a 
aeqnel  to  his  History  of  Anm   1       Th    f  t    of  the  work  thus  left  un- 

'  Spreugel,  i.  270, 

'  Cuvier,  iejwis  sai-  l^Mat.  den  Seieiices  If^atnrellss,  partie  ii.  p.  193. 
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flnialied  ivaa  remarkable.  It  full  into  tiie  Lands  of  Jiis  pupil,  Gaspanl 
Wolf,  who  was  t<)  have  published  it,  but  wanting  leisure  for  the  office, 
sold  it  to  Joachim  Oajnerarius,  a  physician  and  botanist  of  Nurembei^, 
who  made  use  of  the  engravings  prepared  by  Gessner,  in  aa  Epitome 
which  he  published  in  1586.  The  text  of  Qessner's  work,  after  pass- 
ing through  various  hands,  was  published  in  1754  under  the  title  of 
0esimeri  Opera  Botanica  per  dv,o  Scecula  desiderata,  t&c,  but  is  very 


Tiie  imperieot  state  in  wiiich  Gessner  left  his  botacieal  labors, 
makes  it  necessary  to  seek  the  evidence  of  his  peculiar  views  iu  scat- 
tered passages  of  his  correspondence  and  other  works.  One  of  his 
great  merits  was,  that  he  saw  the  peculiar  importance  of  tlio  fiowcr 
aad  fruit  as  affording  the  characters  by  which  the  affinities  of  plants 
were  to  be  detected;  and  that  he  urged  this  view  upon  his  conteuipo- 
raiies.  His  plates  present  to  us,  by  the  side  of  each  plant,  its  flower 
and  its  fimit,  carefully  engraved.  And  iu  his  communications  with  his 
botanical  correspondents,  he  repeatedly  insists  on  these  parts.  Thus' 
in  1565  he  writes  to  Zuinger  concerning  some  foreign  plants  which 
the  latter  possessed ;  "  Tell  me  if  your  plants  have  fiiiit  and  fiower,  as 
well  as  stalk  and  leaves,  for  those  are  of  much  the  greater  conse- 
quence. By  thffie  three  marks, — fiower,  fruit,  and  seed, — I  find  that 
Saxifraga  and  Consolida  JKegalis  are  related  to  Aconite."  These  cha- 
racters, derived  from  the  fructification  (as  the  assemblage  of  fiower 
and  fruit  is  called),  are  the  means  by  which  genera  are  established,  and 
hence,  by  the  best  botanists,  Gessner  is  declared  to  be  the  inventor  of 
genera.' 


'  Epistola,  fol.  113  a;  see  nlso  fol.  65  b. 

''  Haller,  Biblio  Botanica,  i.  284.  Metliodi  Botanitire  rationEm  pumus  pervi- 
dit ; — dflti  nempe  et  genera  qus  plnres  species  eompreliendereiit  et  olassea  qiue 
mulfji  genera.  Viirios  etiam.  claases  naturalee  ejrpressit.  Charaeterem  in  flare 
inque  aemine  posiut,  Ac. — S,(mv>oljio  Socio  ^pisl.  Wolf,  p.  89. 

Linnrous,  Clenera  Flanlarwn,  I'ref.  xiii.  "  A  ffuotificaiione  plantas  diatinguere 
iu  genera,  infinit*  sapientia  plftoui^a,  detexit  posterior  letss,  et  quidem  primus, 
slBOUli  Eui  ornamentuut,  Conmdns  Gessnerus,  uti  patct  ex  !Epi9toIis  ejus  postre- 
mis,  et  Tabnlis  per  Carmerarium  eflitis." 

CuTier  says  (Sut  des  Se.  Ifat.  2=  p*,  p.  193),  after  speaking  to  the  snme  effect, 
"  II  fit  voir  encore  que  toutes  les  plnntes  qui  ont  des  fleurs  et  des  fruits  Bemtila- 
blas  se  ressemblent  par  leurs  proprifetea,  et  que  quand  or  rapproche  ces  plantes 
on  oblient  ainai  une  claBsifioatioa  naturelle."  I  do  not  know  if  lie  here  refers 
t«  any  particular  passages  of  Geasuer's  work. 
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The  labors  of  Gessner  in  botany,  both  on  account  of  the  unfinished 
state  in  which  he  leit  the  application  of  his  principles,  and  on  account 
of  the  absence  of  any  principles  manifestly  applicable  to  the  whole 
extent  of  the  vegetable  tingdom,  can  only  ho  considered  as  a  preinde 
to  the  epoch  in  which  those  defects  were  supplied.     To  that  epoch  wp 


Sect.  2. — Epoch  of  Cmsalpmus. — Formation  of  a  System  of  Arrange- 
ment. 

Ip  any  ono  were  disposed  to  question  whether  Natural  Histoi-y  truly 
belong  to  the  domain  of  Inductive  Science ; — whether  it  is  to  he 
prosecuted  by  the  same  methods,  and  requires  the  same  endowments 
of  mind  as  those  which  lead  to  the  successful  cultivation  of  the  Physi- 
cal Sciences, — the  circumstances  under  which  Botany  has  made  its 
advance  appear  fitted  to  remove  such  doubts.  The  first  decided  step 
in  this  study  was  merely  the  construction  of  a  classification  of  ita  sub- 
jects. We  shall,  I  trust,  be  able  to  show  that  such  a  classification 
includes,  in  reality,  the  establishment  of  one  general  principle,  and 
leads  to  more.  But  without  here  dwelling  on  this  point,  it  is  worth 
notice  that  the  person  to  whom  we  owe  this  classification,  Andreas 
CsBsalpinua  of  Arezzo,  was  one  of  the  most  philosophical  men  of  his 
time,  profoundly  stilled  in  the  Aristotelian  lore  which  was  then 
esteemed,  yet  gifted  with  courage  and  sagacity  which  enabled  him  to 
weigh  the  value  of  the  Peripatetic  doctrines,  to  reject  what  seemed 
error,  and  to  loot  onwards  to  a  better  philosophy.  "  How  are  wc  to 
understand,"  he  inquires,  "  that  we  must  proceed  from  universals  to 
particulars  (as  Aristotle  directs),  when  particulars  are  better  fcnown?"* 
Yet  he  treats  tJxe  Master  with  deference,  and,  as  has  been  observed,' 
we  see  in  his  great  botanical  work  deep  traces  of  the  best  features  of 
the  Aristotelian  school,  logic  and  method ;  and,  indeed,  in  this  woi'fe 
he  frequently  refers  to  his  Quisstiones  Peripateticm.  His  boot,  entitled 
De  Plantia  libri  xvi.  appeared  at!Florence  in  1583.  The  aspect  undci' 
which  his  task  presented  itself  to  his  mind  appears  to  me  to  possess  so 
much  interest,  that  I  will  transcribe  a  few  of  his  reflections,  Aftoi' 
speaking  of  the  splendid  multiplicity  of  the  productions  of  nature,  and 
the  confiision  which  baa  hitherto  prevailed  among  writers  on  plants, 


^si'en>ffl<fi!(;iE,(i660,)lib.  L  quses 
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the  growing  treasures  of  the  botanical  world;    lie   adds,°  "In  this 
immense  multitude  of  plants,  I  see  that  want  which  is  most  felt  in  any 
otlier  unordered  crowd  :  if  such  an  assemblage  be  not  ananged  into 
brigades  lite  an  araiy,  all  must  be  tumult  and  fluctuation.     And  this 
accordingly  happens  in  the  treatment  of  plants  :  for  the  mind  is  over- 
whelmed by  the  ooufiised  accumulation  of  things,      ItJ  '        dl 
mistake  and  angry  altercation."     He  then  stat      1       g  n     1 
whicli,  as  we  shall  see,  was  adopted  by  his  s  S  U 
science  conaisls  in  the  collection  of  similar,  and  ih   d         t       /  d 
milar  things,  and  since  the  consec[uence  of  thi    js       iist  b  t          t 
genera  and  species,  which  are  to  be  natural  class     g           1  by       1 
differences,  I  have  attempted  to  execute  this  tafet       th       h  I      any 
of  plants ; — ut  ai  quid  pro  ingenii  mei  tenuitat     n  h  j    m  i1     t  d 
profecerim,  ad  communem  utilitatem  proferam       "\^            h       h  w 
clearly  ho  claims  for  himself  tte  credit  of  being  the  first  to  execute  this 
task  of  arrangement. 

After  certaan  preparatory  speculations,  he  says,"  "Let  na  now 
endeavor  to  mark  the  kinds  of  plants  by  essential  circumstances  in 
the  fructification."  He  then  observes,  "In  tlie  constitution  of  organs 
three  thin^  arc  mainly  important — the  number,  the  position,  the. 
figure."  And  he  then  proceeds  to  exemplify  this  :  "Some  have  under 
one  flower,  one  seed,  as  Amygdala,  or  oio;  sesd-receptacle,  as  JCosa  ; 
OS  TWO  seeds,  as  Ferfilaria,  or  two  ^end-^-eceptacles,  as  Jfasturtium  ; 
or  three,  as  the  Tithymalum  kind  have  thiike  seeds,  the  Bulbacete 
THREE  reeeptacles ;  or  four,  as  Mai-ruhium,  four  seeds,  Siler  four 
receptacles  ;  or  more,  as  Oiem-acece,  and  Aca^iaceee  have  uobe  seeds, 
Pintis,  MORE  receptacles." 

It  will  be  observed  that  we  have  hei-e  t«n  classes  made  out  by  means 
of  number  alone,  added  to  the  consideration  of  whether  tie  seed  is 
alone  in  its  covering,  as  in  a  cherry,  or  contained  in  a  receptacle  with 
several  others,  as  in  a  berry,  pod,  or  capsule.  Several  of  these  divisions 
are,  however,  flirther  subdivided  according  to  other  circumstances,  and 
especially  according  as  the  vital  part  of  the  seed,  which  ho  called  the 
heart  {cor"),  is  situated  in  the  upper  or  lower  part  of  the  seed.  As 
our  object  here  is  only  to  indicate  the  principle  of  the  method  of 
Ctesalpinus,  I  need  not  further  dwell  on  the  details,  and  still  less  on  the 
defecia  by  which  it  is  disflgured,  as,  for  instance,  the  retention  of  the 
old  distinction  of  Trees,  Shrubs,  and  Herbs, 

"  Dediontio,  a  2,  ''  Lib,  i.  c,  13,  11.  '"  C'orcuiuiit  of  Lirmoeus. 
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To  some  persons  it  may  appear  that  this  arbitrary  distribution  of  the 
vegetable  kingdom,  according  to  tie  number  of  parte  of  a  particular 
kind,  cannot  deserve  to  be  spoken  of  as  a  great  discovery.  And  if, 
indeed,  tie  distribution  had  been  arbitrary,  this  would  have  been  true ; 
therealmetitof  this  and  ofcvery  other  system  is,  that  while  it  is  artifi- 
cial in  its  form,  it  is  natural  in  its  results.  The  plants  which  are  asso- 
ciated by  tlie  arrangement  of  Cseaalpinus,  are  those  which  have  the 
closest  resemblances  in  iJie  most  essential  points.  Thus,  as  Linnaiis 
says,  though  the  first  in  attempting  to  form  natural  orders,  he  observed 
as  many  as  the  most  successful  of  later  writers.  Tlias  his  Lei/vmina" 
correspond  to  the  natural  order  Leguminoim  ;  his  i/enMS  Ferulaceum" 
to  the  UmhellatcR  ;  his  Bulbacem"  \a  Liliacece ;  his  Antkemideg"  Ui 
the  Composilce;  in  like  manner,  tie  Boraginem  are  brought  together," 
and  the  Labiala.  That  suci  assemblages  are  pi-oduced  by  the  appli- 
cation of  his  principles,  is  a  sufficient  evidence  that  they  have  their 
foundation  in  the  general  laws  of  the  vegetable  world.  If  this  had 
not  been  the  case,  the  mere  application  of  number  or  figure  alone  as  a 
standard  of  arrangement,  would  have  produced  only  intolerable  ano- 
malies. If,  for  instance,  CiBsalpimis  had  arranged  plants  by  the  num- 
ber of  fiowors  on  the  same  stalk,  lie  wonid  have  separated  individuals 
of  the  same  species ;  if  he  had  distributed  them  according  to  the  mim- 
ber  of  leaflete  which  compose  tie  leaves,  ie  would  have  had  to  place 
fer  asunder  difierent  species  of  the  same  genus.  Or,  as  he  himself 
says,"  "  If  we  make  one  genus  of  those  which  have  a  ronnd  root,  as 
Rapum,  Aristoloehia,  Cyclaminns,  Aton,  we  shall  separate  from  this 
genus  those  which  most  agree  with  it-,  as  Napnm  and  Kaphanum, 
which  resemble  Rapum,  and  the  long  Aristoloehia,  which  resem- 
bles the  round ;  wiile  we  shall  join  the  most  remote  kinds,  for  tie 
nature  of  Cyelaminns  and  Rapum  is  altogether  diverse  in  all  other 
respecte.  Or  if  we  attend  to  tie  differences  of  stalk,  so  as  to  make 
one  genus  of  those  wiici  have  a  naked  stalk,  as  the  Junci,  Caspo, 
Aphacie,  along  with  Cicoracese,  Violie,  we  shall  still  connect  the  most 
unlike  things,  and  disjoin  tie  closest  afiinities.  And  if  we  note  the 
differences  of  leaves,  or  even  flowers,  we  fall  into  the  same  difRcnlty  ; 
for  many  plants  very  different  in  kind  have  leaves  very  similar,  as 
Polygonum  and  Hypericum,  Ernea  and  Sesamois,  Apiuni  and  Eanun- 
culus ;  and  plaMte  of  tie  same  genus  have  sometimes  very  different 

"  lib.  yL  "  Lib,  viL  '=  Lib.  x.  "  Lib.  xii. 
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leaves,  as  tlie  several  species  of  Eaiiunculus  and  of  Lactuca.  Mor  will 
color  or  sEiape  of  the  flowere  help  us  better ;  for  what  has  Yitis  in  eom- 
mon  with  (Enanthe,  except  the  resemblance  of  the  flower  ?"  He  then 
goes  on  to  say,  that  if  we  seek  a  too  close  coincidence  of  all  the  clia- 
racters  we  shall  have  no  Species ;  and  tbiis  shows  ns  that  he  had  clearly 
before  his  view  the  difficulty  which  he  had  to  attack,  and  which  it  is 
his  glory  to  hare  overcome,  that  of  constrncting  Natural  Orders. 

But  as  the  principles  of  Csesalpinus  are  justified,  on  the  one  hand, 
by  their  leading  to  Matural  Orders,  they  are  recommended  on  the 
other  by  their  producing  a  System  which  applies  through  the  whole 
extent  of  the  vegetable  kingdom.  The  parts  from  which  he  takes  his 
characters  must  occur  in  all  flowering-plants,  for  all  such  plants  have 
seeda.  Aud  tiese  seeds,  if  not  very  numerous  for  each  flower,  wilt  be 
of  a  certain  definite  number  and  orderly  distribution.  And  thus 
every  plant  will  fall  into  one  part  or  other  of  the  same  system. 

It  is  not  diflicult  to  point  out,  in  this  induction  of  Casaalpinns,  the 
two  elements  which  we  have  so  often  declared  must  occur  in  al! 
inductive  processes;  the  exact  acquaintance  with  facts,  and  tlie  gene- 
ral and  applicable  ideas  by  which  these  facts  are  bronght  together. 
Ctesalpinus  was  no  mere  dealer  ic  intellectual  relations  or  learned  tra- 
ditions, but  a  laborious  and  persevering  collector  of  plants  and  of  botar 
nical  knowledge.  "  For  many  years,"  he  says  in  his  Dedication,  "  I 
have  been  pursuing  my  i-eaearcbes  in  various  regions,  habitually  visit- 
ing the  places  in  which  grew  the  various  kinds  of  berts,  shndffi,  and 
trees;  I  have  been  assisted  by  the  labors  of  many  friends,  and  by  gar- 
dens established  for  the  public  benefit,  and  containing  foreign  plants 
collected  from  the  most  remote  regions."  He  here  refers  to  the  first 
garden  directed  to  the  public  study  of  Botany,  which  was  that  of 
Fisa,"  instituted  in  1S43,  by  order  of  the  Grand  Duke  Cosmo  the 
First.  The  management  of  it  was  confided  first  to  Lucas  Ghini,  and 
afterwards  tu  Csesalpinus,  He  had  collected  also  a  herbai'ium  of  dried 
plants,  which  he  calls  the  rudiment  of  his  work.  "  Tibi  enim,"  he 
says,  in  his  dedication  to  Francis  Medici,  Grand  Duke  of  Etruria, 
"  apud  quem  extat  ejus  rudimentum  ex  plantis  libro  agglutinatis  a  me 
compositum."  And,  throughout,  he  speaks  with  the  most  familiar  and 
vivid  acquaintance  of  the  various  vegetables  which  he  describes. 

But  Csesalpinus  also  possessed  fixed  and  general  views  concerning 
the  relation  and  functions  of  the  parts  of  plants,  and  ideas  of  symmetry 
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aud  system;  without  "whicli,  as  \\i)  buu  iu  otliui  butamsts  of  I11&  and 
succeeding  times,  the  mere  aceumulation  of  a  knowledge  of  JetaiU 
does  not  lead  to  any  advance  in.  science.  We  have  alieady  mentioned 
his  reference  to  general  philosophical  principles,  both  of  tie  Peiipate 
ties  and  of  his  own.  The  first  t^relve  chapters  ot  his  work  aie  em 
ployed  in  explaining  the  general  structure  of  plants,  and  especially 
that  point  to  which  he  Justly  attaches  so  much  importance,  the  results 
of  the  different  sitnation  of  the  eoc  or  corculum  of  the  seed.  He 
shows"  that  if  we  take  the  root,  or  stem,  or  leaves,  or  blossom,  as  our 
guide  in  classification,  we  shall  separate  plants  obviously  alike,  and 
approximate  those  which  have  merely  superficial  resemblances.  And 
thus  we  see  that  he  had  in  his  mind  ideas  of  fised  resemlDlance  and 
symmetrical  distribution,  which  he  sedulously  endeavored  to  apply  to 
plants ;  while  his  acquaintance  with  the  vegetable  kingdom  enabled 
him  to  see  in  what  m  tl  1  as  were  not,  and  in  what  manner 

they  were,  really  appl     bl 

The  great  merit       1  I  ty    t  Csesalpinua  have  been  generally 

allowed,  by  the  best  f  th  n  modern  writers  on  Botany,  Lin- 
nsens  calls  him  one  f  th  f  d  rs  of  the  science ;  "  Primus  rerus 
systematicus ;" "  and,  a  if  n  t  at  fi.ed  witi.  the  expression  of  his 
admiration  in  prose,  han^  a  poetical  garland  on  the  tomb  of  hia  hero, 
ITie  following  distich  concludes  his  remarks  on  this  writer ; 

Qnisq^ma  hie  extiterit  primes  concedet  honorea 
Ciesalpine  tibi ;  primaqne  eorta  dnbit : 

and  similar  language  of  praise  has  been  applied  to  him  by  the  best 
botanists  up  to  Cuvier,'"  who  justly  terms  his  hook  "  a  work  of  genius," 
Perhaps  the  great  advance  made  in  this  science  by  Ctesaipinus,  is 
most  strongly  shown  by  this  ;  that  no  one  appeared,  to  follow  the  path 
which  he  had  opened  to  system  and  symmetry,  for  nearly  a  century. 
Moreover,  when  the  progress  of  this  branch  of  knowledge  was  resumed, 
his  next  successor,  Morison,  did  not  choose  to  acknowledge  that  he 
had  borrowed  so  much  from  so  old  a  writer ;  and  thus,  hardly  men- 
tions his  name,  although  he  takes  advantage  of  his  labors,  and  even 
transcribes  his  words  without  acknowledgement,  as  I  shall  show.  The 
pause  between  the  great  invention  of  Csesalpinns,  and  \\s  natural  sequel, 
the  developement  and  improvement  of  his  method,  is  so  marked,  that  T 


'■"  PhUosnph.  Bot.  p.  19.  -°  Cut.  Hid.  193. 
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CI'  to  Eivoid  too  great  an  intori'iiption  of  chronological  o 
e  of  its  circumstances  in  a  separate  section. 


Sect  3, — Stationary  Interval. 


The  metliod  of  Ctesalpinns  was  not,  at  fii'st,  generally  adopted.  It 
had,  indeed,  some  disadvaritages.  Employed  in  drawing  the  boundary- 
lines  of  the  larger  divisions  of  the  vegetahle  kingdom,  he  had  omitted 
those  smaller  groups,  Genera,  which  were  botli  most  obvious  to  com- 
mon botanists,  and  most  convenient  in  the  description  and  comparison 
of  plants.  He  had  also  neglected  to  give  the  Synonyms  of  other 
authors  for  the  plants  spoten  of  by  him ;  an  appendage  to  botanical 
descriptions,  which  tte  increase  of  botanical  information  and  botanical 
books  had  now  rendered  indispensable.  And  thns  it  happened,  that  a 
wort,  which  miist  always  be  considered  as  forming  a  great  epoch  in 
the  science  to  which  it  refers,  was  probably  little  read,  and  in  a  short 
time  conld  be  treated  as  if  it  were  quite  forgotten. 

In  the  mean  time,  the  science  was  gradually  improved  in  its  details. 
Clusius,  or  Charles  de  I'EcIuse,  first  taught  botanists  to  describe  well. 
"Before  him,"  says  Mirbel,""the  descriptions  were  diffuse,  obscnre, 
indistinct;  or  else  concise,  incomplete,  vague.  Clusius  introduced 
exactitude,  precision,  neatn^s,  elegance,  method :  he  says  nothing 
superflnous;  he  omits  nothing  necessary."  He  travelled  over  great 
part  of  Europe,  and  published  various  worts  on  the  more  rare  of  the 
plants  which  he  liad  seen.  Among  such  plante,  we  may  note  now  one 
well  known,  the  potato ;  which  he  describes  as  being  commonly  used  in 
Italy  in  1586  ;'"  thus  throwing  doubt,  at  least,  on  the  opinion  which 
ascribes  the  first  introduction  of  it  into  Europe  to  Sir  Walter  Kaleigh, 
on  his  return  from  Virginia,  about  the  same  period.  As  serving  to 
illnsti'ate,  both  this  point,  and  the  descriptive  style  of  Clusius,  I  quote, 
in  a  note,  his  description  of  the  flo\vor  of  this  plant.^^ 


"  Physiol.  Teg.  p.  526.  "  Cluaius.     Exotic,  iv.  e.  52,  p.  Ixsix. 

"  "Papas  Pernaaorain.  Araohidna,  Theoph.  forte.  Florea  elegaiitas,  uneia- 
lis  amplitndinia  ant  majores,  angulosi,  siogalari  folia  conBtantea,  Bed  Ita 
oomplicato  nt  qmnque  folia  diacretu  videantur,  caloris  exterine  ex  purpTira 
candieaatiB,  interina  purpuraseeatiB,  radiis  quinque  herbaceia  ex  umbilioo  stellte 
instar  prodenntibuB,  et  totidem  etaminiboB  flftvis  in  moboaeni  ooeuntibns." 

He  EAjB  that  tlie  Italians  do  cot  know  whence  thoy  liad  the  plant,  and  that 
they  call  it  Taratoxiffii.  The  name  Potato  was,  in  England,  previously  applied 
to  the  Sweet  Potato  {Convolvahia  iaiofos),  which  was  the  eommon  Potato,  in 
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The  addition  of  exotic  spetics  to  tlie  numbei'  of  knowa  plants  was 
indeed  going  on.  rapidly  during  the  intena!  which  we  are  now  con- 
sidering. Francis  Hernandez,  a  Spaniard,  who  visited  America  towards 
tie  end  of  the  sixteenth  century,  collected  and  described  many  plants 
of  tliat  country,  some  of  which  weie  aftciw  ards  published  by  Recchi," 
Barnabas  Cobo,  who  went  as  a  missionary  to  America  in  1S96,  also 
described  plants.'^'  The  Dutch,  among  other  esertions  which  tbey 
made  in  their  struggle  with  the  tyranny  of  Spain,  sent  out  an  expedi- 
tion which,  for  a  time,  conquered  the  Brazils;  and  among  otliev  fruits 
of  this  conquest,  they  published  an  account  of  the  natural  histoiy  of 
the  country."'  To  avoid  interrapting  the  connexion  of  such  labors,  I 
will  here  cany  them  on  a  little  further  in  the  order  of  time.  Paul 
Herman,  of  Halle,  in  Saxony,  went  to  the  Oape  of  Good  Hope  and  to 
Ceylon ;  and  on  his  return,  astonished  the  botanists  of  Europe  by  the 
vast  quantity  of  remarkable  plants  which  he  introduced  to  their  know 
ledge,"  Rheede,  the  Dutch  governor  of  Malabar,  ordered  deseriptioni 
and  drawings  to  he  made  of  many  curious  species,  which  were  pub 
lished  in  a  large  wort  in  twelve  folio  volumes."'  Eumphe,  another 
Dut-ch  consul  at  Amboyua,"  labored  with  zeal  and  success  upon  thi 
plants  of  the  Moluccas.  Some  species  which  occur  in  Madagascar 
figured  in  a  description  of  that  island  composed  by  the  French  Com- 
mandant Flacoart.'"  Shortly  afterwards,  Engelbert  Ktempfer,''  a 
Westphalian  of  great  acquirements  and  undaunted  courage,  visited 
Persia,  Arabia  Felix,  the  Mogul  Empire,  Ceylon,  Bengal,  Sumatra, 
Java,  Siam,  Japan ;  Wheler  travelled  in  Greece  and  Asia  Minor ;  and 
Sherard,  the  English  consul,  published  an  account  of  the  plants  of  the 
d  of  Smyrna. 


dJBtinotion  to  the  Virffinian  Potato,  nt  the  time  of  Gei'ard'e  Hetbal.    {loSl  ^) 
Qerard'e  figures  of  both  plants  are  copied  from  thoaa  of  Clusins. 

It  mity  ba  seen  by  the  deeoriptioa  of  Ariichidna,  aL'eady  quoted  from  Theo- 
phrastuB,  (above,)  tJiat  there  ia  little  plausibility  in.  Clusiua'a  conjecture  of  the 
plant  being  known  to  the  ancients.  I  need  not  inform  the  botanist  that  this 
opimcm  is  untenable. 

"  ITova  PlaiUariart  Rsgid  Mexicana  HisCoria,  Eom.  1651,  foL 

**  Sprengel,  Gescli.  der  Botamk,  ii.  62. 

"  SUtorUi  Sfataralu  Bmailia,  L.  B.  1648,  fol,  (Piso  cud  Maregraf  j. 

"  Mwisiim  Zeylanicum,  L.  B.  ITEG. 

"  HaHas  MalabaHctts,  I6'!O-1703. 

"  Bfrbarivan  AfoiboiitenK,  Amsterdam,  1741-51,  fol. 

*  Histoire  de  la  grande  I»h  Madagascar,  Paris.  1661. 

"  Amanitaiti  ExoticcB.'iiem^ov.  17ia.     4to. 
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At  the  same  time,  the  iJ'ew  World  excited  also  the  curiosity  of 
botanists.  Hans  Sloane  collected  tlie  plants  of  Jamaica;  John  Banis- 
ter those  of  Virginia ;  Williani  Vernon,  also  an  Englishman,  and 
David  Kriege,  a  Saxon,  those  of  Maryland ;  two  Frenchmen,  Snrian 
and  Father  Plumier,  those  of  Saint  Domingo. 

We  may  add  that  puhlic  botanical  gardens  were  about  this  time 
established  all  over  Europe.  We  have  already  noticed  the  institution 
of  that  of  Pisa  in  1548  ;  the  second  was  that  of  Padiia  in  1S45 ;  the 
next,  ttat  of  Florence  in  1556  ;  the  fourth,  that  of  Bologna,  1568 ; 
that  of  Eome,  in  the  Vatican,  dates  also  from  1568. 

The  first  transalpine  garden  of  this  kind  arose  at  Leyden  in  1511 ; 
that  of  Leipzig  in  1580.  Henry  the  Fourth  of  France  established  one 
at  Montpellier  in  1597.  Several  othei's  were  instituted  in  Germany ; 
but  that  of  Paris  did  not  begin  to  exist  till  1626;  that  of  TJj«al,  after- 
wards so  celebrated,  took  its  rise  in  1651,  that  of  Amsterdam  in  1684. 
Morison,  whom  we  shall  soon  Lave  to  mention,  calls  himself,  in  1680, 
the  first  Director  of  the  Botanical  Garden  at  Oxford. 

[2nd  Ed.]  [To  what  is  above  said  of  Botanical  Gardens  and  Botani- 
cal Writers,  between  the  times  of  Csesalpinus  and  Morison,  I  may  add 
a  few  circumstances.  The  first  academical  garden  in  Prance  was  that 
at  Montpellier,  which  was  established  by  Peter  Eiohier  de  Belleval,  at 
the  end  of  the  sixteenth  century.  About  the  same  period,  rare  flowers 
were  cultivated  at  Paris,  and  pictures  of  them  made,  in  order  to  supply 
the  embroiderers  of  the  coui't-robes  with  new  patterns.  Thus  figures 
of  the  most  beautJful  flowers  in  the  garden  of  Peter  Robins  were  pub- 
lished by  the  court-embroiderer  Peter  Vallet,  in  1608,  under  the  title 
oS  Ze  Jardin  du  Boi  Henry  IV.  But  Eobins'  works  were  of  great 
service  to  botany ;  and  his  garden  assisted  the  studies  of  Eenealmus 
(Paul  Eeneaidme),  whose  Specimen  Historim  Plantarum,  (Paris,  1611), 
is  highly  spoken  of  by  the  best  botanists.  Eecently,  Mr.  Eobert  Brown 
has  named  after  iim  a  new  genus  of  Iridece  (Ebnealmia)  ;  ajilding, 
"  Dixi  in  memoriam  Padli  Eenbalmi,  botanici  sui  tevi  accuratissimi, 
atque  staminum  primi  scrutatoris ;  qui  non  niodo  eomm  numemm  et 
situm,  sed  etiam  filamentorum  proportionem  passim  descripsit^  et  cha- 
raeterem  tetradynamicum  siliquosatum  perspexit."  {Prodromus  Flora 
JVovce  Mollandm,  p.  448.) 

The  oldest  Botanical  Gai-den  in  England  is  that  at  Hampton  Coui-t, 
founded  by  Queen  Elizabeth,  and  much  enriched  by  Charles  H.  and 
William  III.     (Sprengel,  Gesck.  d.  Bot.  vol.  ii.  p.  96.)] 

In  the  mean  time,  although  there  appeared  no  new  systpm  which 
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commanded  tte  attention  of  the  totanical  l^  oild,  the  ieeliiig  of  the  un- 
portance  of  tlie  affinities  of  plants  became  contmuallj  mora  strong  and 
distinct. 

Lobe!,  mho  was  botanist  to  James  the  Fnst,  mil  who  published  his 
SHrpium  Adveisaria,  H'ova  in  16Vl,  brm^^  together  the  natural  fami- 
lies of  plants  more  distinctly  than  his  predecetaora,  and  e\  en  distinguishes 
(as  Cuvier  states,")  moEocofjledonoiis  fioni  dicofjledoaous  plants  ; 
of  the  roost  comprehensive  division-lines  of  botany,  of  which  sv 
times  discovered  the  value  more  completely.  Fabius  ColuniEa,'^  in 
1616,  gave  figures  of  the  fructification  of  plants  on  copper,  as  Gessner 
had  before  done  on  wood.  But  the  elder  Eaiihin  (John),  notwith- 
standing all  that  Ciesalpinus  had  done,  retrograded,  in  a  work  published 
in  1619,  into  the  less  precise  and  scientific  distinctions  of — trees  with 
nuts ;  with  berries ;  with  acorns ;  with,  pods ;  creeping  plants,  gourds, 
ifec:  and  no  clear  progress  towards  a  system  was  anywhere  sitle 
among  the  antJiorB  of  this  period. 

While  this  continued  to  be  the  case,  and  while  the  matenals  thu 
destitute  of  order,  went  on  accumulating,  it  was  inevitable  that  tl  e 
evils  which  Ca3salpinas  had  endeavored  to  remedy,  should  be  ome 
more  and  more  grievona.  "  The  nomenclature  of  the  subject"  vaa 
such  disorder,  it  was  so  impossible  to  determine  with  certainty  the  plants 
spoken  of  by  preceding  wiiters,  that  thirty  or  forty  different  botanists 
had  given  to  the  same  plant  almost  as  many  different  names.  Bauhin 
called  by  one  appellation,  a  species  which  Lobel  or  Matheoli  designated 
by  another.  There  was  an  actual  chaos,  a  universal  confiision,  in 
which  it  was  impossible  for  men  to  find  their  way."  "We  can  tbe  bet- 
ter imderstand  such  a  state  of  things,  from  having,  in  our  own  time, 
seen  another  classificatory  science,  Mineralogy,  in  the  very  condition  thus 
described.  For  such  a  state  of  confusion  there  is  no  remedy  but  the 
establishment  of  a  true  system  of  classification ;  which  by  its  real 
foundation  renders  a  reason  for  the  place  of  each  species ;  and  which, 
by  the  fisity  of  its  classes,  affords  a  basis  for  a  standard  nomenclature, 
as  finally  took  place  in  Botany.  But  before  such  a  remedy  is  obtained, 
men  naturally  try  to  alleviate  the  evil  by  tabulating  the  synonyms  of 
different  writers,  as  far  as  they  are  able  to  do  so.  The  task  of  con- 
structing such  a  Synonymy  of  botany  at  the  period  of  which  we  speak, 
was  undertaken  by  Gaspard  Bauhin,  the  brother  of  John,  but  nineteen 
years  younger.     This  work,  the  Pinax  Theatri  Botanici,  was  printed 

"  Cnv.Xefons,  &c.  ISIS.  ='  lb.  206.  "  lb.  212. 
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at  Basil  in  1623.  It  was  a  useful  undertaking  at  the  Ume ;  but  tlie 
want  of  any  genuine  order  in  the  Pinax  itself,  rendered  it  impossible 
that  it  should  be  of  great  permanent  utility. 

After  this  period,  the  progress  of  almost  all  the  sciences  becaroe 
languid  for  a  while ;  and  one  reason  of  this  interruption  was,  tbe  wars 
and  troubles  whict  prevailed  over  almost  the  whole  of  Europe.  The 
quarrels  of  Charles  the  First  and  his  parliament,  the  civil  wars  and  the 
usurpation,  in  England ;  in  France,  the  war  of  tbe  League,  tbe  stormy 
reign  of  Henry  the  Fourth,  the  civil  ■wars  of  tbe  minority  of  Louis  the 
Thirteenth,  tbe  war  against  tbe  Protestants  and  the  war  of  tbe  Fronde 
in  tbe  minority  of  Louis  tbe  Fourteenth  ;  the  bloody  and  destructive 
Thirty  Teal's'  War  in  Germany ;  tbe  war  of  Spain  with  the  United 
Provinces  and  with  Portugal ; — all  tbese  dire  agitations  left  men  neither 
leisure  nor  disposition  to  direct  their  best  thoughts  to  tbe  promotion  of 
science.  Tbe  baser  spirits  were  brutalized  ;  tbe  bett«r  were  occupied 
by  high  practical  aims  and  straggles  of  their  moral  nature.  Amid 
sncb  storms,  tbe  intellectual  powers  of  man  could  not  work  witli  their 
duo  calmness,  nor  bis  intellectual  objects  shine  witb  their  proper  lustre. 

At  lengtli  a  period  of  greater  tranquillity  gleamed  foitb,  and  tbe 
sciences  soon  expanded  in  tbe  sunshine.  Botany  was  not  inert  amid 
this  activity,  and  rapidly  advanced  in  a  new  direction,  that  of  physio- 
logy ;  but  before  we  speak  of  this  portion  of  our  subject,  we  must  com- 
plete what  we  have  to  say  of  it  as  a  classificatory  science. 

Sect.  4.— S(gi(p?  to  the  El'  k  cf  Ctesalpma        ruille)   F  rmation 
aruJ  AiJoptKm  of  Systematic  Ananqement 

Soon  after  the  peiiod  ol  which  we  now  speik,  that  of  tbe  restoration 
of  the  Stuarts  ti  tbe  tbione  of  England,  sjsttmatic  arrangements 
of  plants  appeiied  in  gieat  numbers  and  in  a  mannei  such  as  to 
show  that  the  mmds  of  botanists  had  graduilly  been  ripening  for  this 
improvement,  through  the  influence  of  preceding  w  liters,  and  the  grow- 
ing acquamtance  with  plants  Tbe  person  wbrse  name  is  usually 
placed  first  on  this  list,  Eobert  Moiison,  appears  to  me  ti  be  much  less 
meritorious  than  min  j  of  those  w  bo  published  ^  ery  shortly  after  him ; 
but  I  will  give  him  the  precedence  in  mj  narrative.  He  was  a  Scotch- 
man, who  was  wounded  fighting  on  the  royalist  side  in  the  civil  ware 
of  England.  On  the  triumph  of  the  republicans,  be  withdrew  to 
France,  when  be  became  director  of  the  garden  of  Gaston,  Duke  of 
Orleans  at  Elois;  and  there  be  came  under  the  notice  of  our  Charles 
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ttie  Second  ;  wiio,  on  liis  restoratiou,  summoned  Morisou  to  England, 
where  he  became  SnpetintcndeHt  of  the  Royal  Gaidens,  and  also  of 
the  Botanic  Garden  at  Oxford.  In  1669,  he  published  Remarks  on  the 
Mistakes  of  the  two  Sauldns,  in  which  he  proves  that  many  plants  in 
the  Finax  are  erroneously  placed,  and  shows  considerable  talent  for 
appreciating  natural  families  and  genera.  His  great  systematic  work 
appeared  from  the  University  press  at  Oxford  in  1380.  It  contains  a 
system,  but  a  system,  Cavier  says,"'  which  approaches  rather  to  a  natu- 
ral method  than  to  a  rigorous  distribution,  like  that  of  Ms  predecessor 
Caisalpinas,  or  that  of  his  successor  Eay.  Thus  the  herbaceous  plants 
are  divided  info  climbers,  leguminous,  siliquose,  unicapsalar,  hkapsular, 
Iricapmlai;  qaadricapsular,  qmnquecapmlar  ;  this  division  being  com- 
bined Tvith  characters  derived  from  the  number  of  petals.  But  along 
with  these  numerical  elements,  are  introduced  othei's  of  a  loose  and  hete- 
r(^neous  kind,  for  instance,  the  classification  of  herl:«  as  lactescent  and 
emollient.  It  is  not  unreasonable  U>  say,  that  such  a  scheme  shows 
no  talent  for  constructing  a  complete  system ;  and  that  the  most  dis- 
tinct part  of  it,  that  dependent  on  the  fruit,  was  probably  borrowed 
fi'om  Ciesalpinus.  That  this  is  so,  we  have,  I  think,  strong  proof;  for 
though  Morison  nowhere,  I  believe,  mentions  Ca3salpinus,  except  in 
one  place  in  a  loose  enumeration  of  botanical  writers,"  he  must  have 
made  considerable  use  of  his  work.  For  he  has  introduced  into  his 
own  pre&ce  a  passage  copied  literally"  from  the  dedication  of  Csesal- 
pinus;  which  passage  we  have  already  quoted  (p.  874,)  beginning, 
"Since  all  science  consists  ia  the  collection  of  similar,  and  the  dis- 
tinction of  dissimilar  things."  And  that  the  mention  of  tlie  original 
is  not  omitted  by  accident,  appears  from  tliis;  that  Morison  appro- 
priates also  the  conclusion  of  the  passage,  which  has  a  personal  refer- 
ence, "  Conatus  sum  id  prteatare  in  universa  plantarum  Mstoria,  ut  si 
quid  pro  inffenii  met  tenuitate  in  hujusmodi  studio  profecm-im^  ad  com- 
fminem  tttililalem  prqferrem."  That  Morison,  thus,  at  so  long  an  inter- 
val after  the  publication  of  the  work  of  Cassalpinus,  borrowed  from 
him  without  acknowledgement,  and  adopted  his  system  so  as  to  muti- 
late it,  proves  that  he  had  neither  the  temper  nor  the  talent  of  a  disco- 
verer ;  and  justifies  us  withholding  from  him  the  credit  which  belongs 
to  those,  who,  in  his  time,  resumed  the  great  undertaking  of  construct- 
ing a  vegetable  system. 

Among  those  whose  efforts  in  this  way  had  the  greatest  and  earliest 

'^  Cuv.  Zefona,  &c.  p,  486.  ™  Pref.  p.  i.  "  lb.  p.  ii. 
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infiucncc,  was  imdoubtedly  our  coniitrj'maii,  John  Eay,  wlio  was 
Fellow  of  Trinity  College,  Cambridge,  at  tie  same  time  with  Isaac 
Newton.  Bat  thongh  Cuvier  states"  that  Ksy  was  the  model  of  the 
systematjsts  during  the  whole  of  the  eighteenth  century,  the  Germans 
claim  a  part  of  his  merit  for  one  of  tlieir  countrymen,  Joachim  Jung, 
of  Lnbeck,  professor  at  Hamburg."  Concerning  the  principles  of 
this  botanist,  little  was  inown  during  his  life.  But  a  manuscript  of 
his  book  was  communicated*"  to  Eay  in  1660,  and  from  this  time  for- 
wards, says  Sprengel,  there  miglit  he  noticed  in  the  wiitJngs  of  Eng- 
lishmen, those  better  and  clearer  views  to  which  Jung's  principles 
gave  birtli.  Five  years  after  the  death  of  Jung,  his  Doxoscopia 
Physica  was  publiahed,  in  1662  ,  and  in  1G78,  his  liagoge  Phytosco- 
pica.  But  neither  of  these  worLi  was  e^  ei  much  read ,  and  even 
Linnseas,  whom  few  things  escaped  ^fthich  concerned  botduy,  had,  in 
llll,  seen  none  of  Jung's  worha 

I  here  pass  over  Jung's  improvement*  of  hotinioal  language,  and 
speak  only  of  th<se  which  he  n  asserted  ti  have  suggested  in  the 
arrangement  of  plants.  He  esamini,t,  says  feprengcl,"  the  *alue  of 
characters  of  species,  which,  he  holds,  must  not  be  t^en  fiom  the 
thorns,  nor  from  color,  taste,  smell,  medicmal  effects,  time  and  place 
of  blossoming.  He  shows,  m  numerous  examples,  what  phnts  must 
be  separated,  though  called  by  i  common  nime,  and  whit  must  he 
united,  though  their  names  are  soieial 

I  do  not  see  in  this  much  thiit  interfLies  with  tlit  orlgm^!^ty  of 
Ray's  metiod,"  of  which,  in  consequence  of  tte  importance  ascribed 
to  it  by  Cuvier,  as  we  have  already  seen,  I  shall  give  an  account,  fol- 
lowing that  great  naturalist*'  I  confine  myself  to  the  oidinary 
plants,  and  omit  the  more  obscuie  vegLtabka,  as  mushiooms,  mosses, 
ferns,  and  the  like. 

Such  plants  arc  composite  or  simple  The  cmtposite  flowers  are 
those  which  contain  many  florets  m  the  same  <,alyi  "  Thiae  ire  sub- 
divided accoi-ding  as  they  are  compoiel  iltogethci  of  complete  florets, 


"  Lopona  Hist.  Be.  p.  487.  *"  h\  reaRel  li.  21. 

^' Eay  floknowledges  this  in  !iii  J  IxPlj  t    i/     <i  Uh  p   si  andqaotes 
from  it  the  definition  of  cavlis. 
*'  Sprengel,  ii  2». 

^' Meihodus  Flantai-uni  IToiiii  Ibfa..     Bulo   a  Flantirm    1I>E6 
"  Cuv.  Ze^om  JBst.  Sc.  Nat.  ■iS'< 
"  Lmoliirmw,,  in  modem  terminologv 
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or  of  half  florets,  or  of  a  centre  of  complete  florete,  surrounded  by  !i 
circumference  or  ray  of  demi-florets.     Such  arc  tJie  diviaioiia  of  the 


In  the  simple  flowers,  the  seeds  are  naked,  or  in  a  pericarp.  Those 
with  naked  seeds  ai-a  arranged  according  to  the  nntnlier  of  the  seeds, 
which  may  bo  one,  two,  three,  four,  or  more.  If  there  is  only  one,  no 
subdivision  is  requisite :  if  there  are  two,  Eay  makes  a  aubdiYision, 
according  as  the  flower  has  flve  petais,  or  a  continuous  corolla.  Here 
we  come  to  several  natural  families.  Tims,  the  flowers  with  two  seeds 
and  five  petals  are  the  Umhelliferous  plants ;  the  monopetalous  flow- 
ers with  two  seeds  are  the  Stellalcs.  He  founds  the  division  of  four- 
aeeded  flowers  on  the  circumstance  of  the  leaves  being  opposite,  or 
alternate ;  and  thus  again,  we  have  the  natural  femilies  of  Asperifoli<B, 
as  JSchium,  &c.,  which  have  the  leaves  alternate,  and  the  VeriiciUalce, 
as  Salvia,  in  which  the  leaves  are  opposite.  When  the  flower  has 
more  than  four  seeds,  he  makes  no  snhdivision. 

So  much  for  simple  flowers  with  naked  seeds.  In  those  where  the 
seeds  are  surrounded  by  a,  pericarp,  or  fruit,  this  fruit  is  large,  soft,  and 
fleshy,  and  the  plants  are  pomiferous  ;  or  it  is  small  and  juicy,  and 
the  fruit  is  a  berry,  as  a  Gooseberry, 

If  the  fruit  is  not  juicy,  but  dry,  it  is  multiple  or  simple.  If  it  be 
simple,  we  have  the  Uffvminose  plants.  If  it  be  multiple,  the  form  of 
the  flower  is  to  be  attended  to.  The  flower  may  be  monopetalous,  or 
tet-mpetalous,  or  pentapetalous,  or  with  still  more  divisions.  The  mo- 
nopetalous may  be  regular  or  irregular  ;  so  may  the  tutrapetalons. 
The  regular  tetrapetalona  flowers  are,  for  example,  the  Cruciferm,  as 
Stock  and  Cauhflower;  the  irregular,  are  the  papilionaceous  plants. 
Peas,  Beans,  and  Vetches ;  and  thns  we  again  come  to  natural  fami- 
lies. The  remaining  plante  are  divided  in  the  same  way,  into 
those  with  imperfect,  and  those  with  perfect,  flowers.  Those  with 
imperfect  flowers  are  the  Grasses,  the  Bushes  (Junci),  and  the 
like ;  among  those  with  perfect  flowers,  are  the  Palmacece,  and  the 
Liliacew. 

We  see  that  the  division  of  plants  is  complete  as  a  system ;  all 
flowers  must  belong  to  one  or  other  of  the  divisions.  Fully  to  ex- 
plain the  characters  and  further  subdivisions  of  thpse  families,  would 
he  to  write  a  treatise  on  botany;  but  it  is  easily  seen  that  they 
exhaust  the  subject  as  far  as  they  go. 

Thus  Eay  constructed  his  system  partly  on  the  frnit  and  partly  on 
the  flower;  or  more  properly,  according  to  tbe  expression  of  Limifeus, 
Vol.  11,-25. 
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comparing  hi*  e'uliPi  with  liis  htti  -\sti.m,  It,  1  ^in  L>  Itiii!;  ji 
puctici^t,  and  ended  bj  being  a  coiolhst" 

As  we  have  said,  a  number  of  ajatema  of  iriangement  •.{  plants 
were  published  about  this  time,  some  founded  on  the  fiuit,  some  ou 
the  corolla,  SDme  on  the  calyx,  ind  thLse  Linplojed  m  vaiious  wijs 
Eiviuufi"  («hose  real  name  was  Bafihman,)  chssified  by  the  flowei 
alone ,  instead  of  combining  it  with  the  fiuit,  as  Riy  hid  done  "  He 
had  the  fiirtber  ment  of  being  the  first  who  rejected  the  old  division, 
of  woody  and  herbaceous  plants ;  a  division  which,  though  at  variance 
with  any  system  founded  upon  the  structure  of  the  plant,  was  em- 
ployed even  by  Tournefort,  and  only  finally  expelled  by  Linnteus. 

It  would  throw  little  light  upon  the  history  of  botany,  especially 
for  our  purpose,  to  dwell  on  the  peculiarities  of  these  transitory  sys- 
tems. Linuieus,"  after  his  manner,  has  g^ven  a  classification  of  them. 
Rivinus,  as  wo  have  just  seen,  was  a  corollist,  according  to  the  regu- 
larity and  number  of  the  petals ;  Hermann  was  a.frv.ct%ckt.  Christo- 
pher Knant*'  adopted  the  system  of  Ray,  but  inverted  the  order  of  its 
parts ;  Christian  Knaut  did  nearly  the  same  with  r^ard  to  that  of 
Rivinus,  taking  number  before  regularity  in  the  flower." 

Of  the  systems  which  prevailed  previous  to  that  of  Linnteus,  Tour- 
nefort's  was  by  fer  tho  most  generally  accepted.  Joseph  Pitton  de 
Tournefort  was  of  a  noble  family  in  Provence,  and  was  appointed 
professor  at  the  Jardia  dn  Roi  in  1683,  His  well-known  travels  in 
the  Levant  are  interesting  on  other  subjects,  as  well  as  botany.  His 
Insiiiulio  Sei  Herharim,  published  in  lYOO,  contains  his  method, 
which  is  that  of  a  corollist.  He  is  guided  by  the  regularity  or  irregu- 
laiity  of  tho  flowens,  by  their  form,  and  by  the  situation  of  the  recep- 
tacle of  the  seeds  below  the  calyx,  or  within  it  Thus  his  classes  are 
— those  in  which  the  flowers  are  campaniform,  or  bell-shaped;  those 
in  which  they  are  injwtdibuliform,  or  fiinnel-shaped,  as  Tobacco  ;  then 
the  irregular  flowei's,  as  the  PersonaUs,  which  resemble  an  ancient 
m^ ;  the  Labiates,  with  their  two  lips  ;  the  Cruciform  ;  the  Rosacem, 
with  flowers  like  a  rose ;  the  Umhelliferce ;  the  CaryophylUce,  as  the 


*°  Ray  was  a  most  induatrious  hacbaliaer,  and  I  cannot  underatnnd  on  what 
ground  Mii'bel  asserts  {Fkydol.  Veg.,  torn.  iL  p.  S31,)  that  he  was  better  00- 
qoeinted  with  boots  than  with  plants, 

"  Cut.  icfons,  491, 

"  Sisiaria  Generalia  adrem  Herbariam,  1690. 

■'  Philos.  Boi.  p.  21.  "  Eniitneratio  Ptantarian,  etc,  1881.        "  Linn, 
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Pink;  the  lAliacew,  with  six  petals,  as  the  Tulip,  Narcissus,  Hya- 
cinth, Lily  ;  the  I'apiUonaeeig,  which  are  legraninous  plants,  the 
flower  of  which  resembles  a  butterfly,  as  Peas  and  Beans ;  and  finally, 
the  Anomalous,  as  Violet,  Nasturtiiioi,  and  othei's. 

Though  this  system  was  found  to  be  attractive,  as  depending,  in  an 
evident  way,  on  the  most  conspicuous  part  of  the  plant,  the  flower,  it 
is  easy  to  see  that  it  was  much  less  definite  than  systems  like  that  of 
Eivinus,  Hermann,  and  Eay,  which  were  governed  by  number.  But 
Tonrnefort  succeeded  in  giving  to  the  characters  of  genera  a  degree 
of  rigor  never  before  attained,  and  abstracted  them  in  a  separate  form. 
We  have  already  seen  that  the  reception  of  botanical  Systems  has 
depended  much  on  their  arrangement  into  Geneva. 

Tournefort's  success  was  also  much  promoted  by  the  author  insert- 
ing in  his  work  a  figure  of  a  fiower  and  iruit  belonging  to  each  genus ; 
and  the  figures,  drawn  by  Aubriet,  were  of  great  merit;  The  study 
of  botany  was  thus  rendered  easy,  for  it  could  be  learned  by  turning 
over  the  leaves  of  a  book.  In  spite  of  various  defects,  these  advantages 
gave  this  writer  an  ascendancy  which  lasted,  from  1700,  when  his 
book  appeared,  for  more  than  half  a  century.  For  though  Linnseus 
began  to  publish  in  IY35,  his  jncthod  and  his  nomenclature  were  not 
generally  adopted  till  1V60. 


CIIAPTEIt  IV. 
The  Esfokm  of  Linh^ 


Seel.  \.— Introduction  of  the  Reform. 

ALTHOUGH,  perhaps,  no  man  of  science  ever  exercised  a  greater 
sway  than  Linnsus,  or  had  more  enthusiastic  admirers,  the  most 
intelligent  botanists  ahvays  speak  of  him,  not  as  a  great  discoverer, 
but  as  a  judicious  and  strenuous  Meformei:  Indeed,  in  his  own  lists 
of  botanical  writers,  he  places  himself  among  the  "  Keformatores ;"  and 
it  is  apparent  that  this  is  the  nature  of  his  real  claim  to  admiration ; 
for  the  doctrine  of  the  sexes  of  plants,  even  if  he  had  been  the  first  to 
was  a  point  of  botanical  physiology,  a  province  of  the 
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science  niiicli  no  one  would  select  as  the  peculiai'  field  of  Linnffiiis's 
glory ;  and  tlie  formation  of  a  system  of  arraEgemcnt  on  tlie  basis  oi 
this  doctrine,  though  attended  with  many  advantages,  was  not  an 
improvement  of  any  higher  order  than  those  introduced  by  Kay  and 
Tonmefort,  But  as  a  Eefoi-mer  of  the  state  of  Natural  Histoiy  in  his 
time,  Linntens  was  admirable  for  his  skill,  and  unparalleled  in  his 
success.  And  we  have  already  seen,  in  tlie  instance  of  the  reform  of 
mineralogy,  as  attempted  by  Moha  and  Berzelins,  that  njec  of  great 
talents  and  inowledgo  may  fail  in  such  an  undertaking. 

It  is,  however,  only  by  means  of  the  knowledge  which  he  displays, 
and  of  the  beauty  and  convenience  of  the  improvements  which  he 
proposes,  that  any  one  can  acquire  such  an  influence  as  to  procure  his 
aaggestions  to  be  adopted.  And  even  if  original  circumstances  of 
birth  or  position  could  invest  any  one  with  peculiar  prerogatives  and 
powers  in  the  republic  of  science,  Karl  Linne  began  his  carera  with  no 
such  advantages.  His  fatlier  was  a  poor  curate  in  Smaland,  a  province 
of  Sw:eden ;  his  boyhood  was  spent  in  poverty  and  privation  ;  it  was 
with  great  difficulty  that,  at  the  age  of  twenty-one,  he  contrived  to 
subsist  at  the  University  of  TJpsal,  whither  a  strong  passion  for  natural 
history  had  urged  him.  Here,  however,  ho  was  so  far  fortunate,  that 
Olaus  Eudbeci,  the  professor  of  botany,  committed  to  him  the  care  of 
the  Botanic  Garden.'  The  perusal  of  the  works  of  Vaillant  and 
Patrick  Blmr  suggested  to  him  the  idea  of  an  arrangement  of  plants, 
formed  upon  the  sexual  organs,  the  stamens  and  pistils ;  and  of  such 
an  arrangement  he  published  a  sketch  in  1731,  at  the  age  of  twenty- 
four. 

But  we  must  go  forwards  a  few  years  in  his  !ife,  to  come  to  the 
period  to  which  his  most  important  works  belong.  University  and 
family  quarrels  induced  him  to  travel ;  and,  after  various  chaJiges  of 
scene,  he  was  settled  in  Holland,  as  the  curator  of  the  splendid  botani- 
cal garden  of  George  Clifford,  an  opulent  banker.  Here  it  was'  that 
he  laid  the  foundation  of  his  future  greatness.  In  the  two  years  of 
his  residence  at  Harleeamp,  he  published  nine  works.  The  first,  the 
SysUTfia  Natures,  which  contMned  a  comprehensive  sketch  of  the 
whole  domain  of  Natural  History,  excited  general  astonishment,  by 
the  acnteneES  of  the  observations;  the  happy  talent  of  combination,  and 
the  clearness  of  the  systematic  views.  Such  a  work  could  not  fail  to 
procure  considerable  respect  for  its  author.     His  Hortus  CUffortiana 

»  Sprengel,  ii.  232.  '  Ibid.  2S4. 
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and  Musa  CliffoHiana  added  to  this  impression.  The  weight  whicli 
he  had  thus  acquired,  he  proceeded  to  use  for  the  improvement  of 
botany.  His  Ihindamenta  Botanica  and  Bihliotheca  Botanica  appeared 
in  1T36  ;  Lis  Critica  Botanica  and  Genera  Plantarum,  in  1737 ;  his 
Classes  I'laniarwm,  in  1738;  W?,  Species Flantarvm.\issnot-^\\}u\i^^ 
till  1753;  and  all  tiese  works  appeared  in  many  successive  editions, 
materially  modified. 

This  circulation  of  his  works  showed  that  his  labors  were  producing 
their  effect.  His  reputation  grew ;  and  lie  was  soon  enabled  to  csert 
a  personal,  as  well  as  a  literary,  influence,  on  students  of  natural  history. 
He  became  Botanist  Hoyal,  President  of  the  Academy  of  Sciences  at 
Stoctholm,  and  Professor  in  tte  University  of  Ujeal ;  and  this  office 
he  held  for  thirty -sis  years  with  unrivalled  credit ;  eSercising,  by  means 
of  his  lectures,  Ms  constant  publications,  and  his  conversation,  an  extra- 
ordinary power  over  a  multitude  of  zealous  naturalists,  belonging  to 
every  part  of  the  world. 

In  order  to  understand  more  clearly  the  nature  and  effect  of  the 
reforms  introduced  by  Linnseua  into  botany,  I  shall  consider  them  under 
the  four  following  heads; — Tenninoloffj),  Nomenclature,  Artificial 
System,  and  Natural  System. 

Sect.  2. — lAnnaan  Reform,  of  Botanical  Terminology. 

It  must  be  recollected  that  I  designate  as  Terminology,  the  system  of 
terms  employed  in  the  description  of  objects  of  natural  history;  while 
by  JVomenclature,  1  mean  the  collecljon  of  tlie  nam.es  of  specits.  Tiie 
reform  of  the  descriptive  part  of  botany  was  one  of  the  tasts  first 
attempted  by  Linnsens ;  and  his  terminology  was  the  instrument  by 
which  his  other  improvements  were  effected. 

Though  most  readers,  probably,  entertain,  at  first,  a  persuasion  that 
a  writer  onght  to  content  himself  ivith  the  use  of  common  words  in 
their  common  sense,  and  feel  a  repugnance  to  technical  terms  and 
arbitrary  mles  of  phraseology,  as  pedantic  and  troublesome ;  it  is  soon 
found,  by  the  student  of  any  branch  of  science  that,  without  technical 
terms  and  fixed  rules,  there  can  be  no  certain  or  progressive  knowledge. 
The  loose  and  infantine  grasp  of  common  language  cannot  hold  objects 
steadily  enough  for  scientific  examination,  or  lift  them  from  one  stage 
of  generalization  to  another.  They  must  be  secured  by  the  rigid 
mechanism  of  a  scientific  phi-aseology.  This  necessity  had  been  felt  in 
all  the  sciences,  from  the  earliest  periods  of  their  progress.     But  the 
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conviction  liad  never  been  acted  upon  so  as  to  produce  a  distinct  and 
adequate  descriptive  botanical  language.  JuEg,  indeed,'  had  already 
attempted  to  give  rules  and  precepts  which  should  answer  this  purpose ; 
but  it  was  not  till  the  Fundamenta,  Sotanica  appeared,  that  tlie  science 
cotild  be  said  to  possess  a  fixed  and  complete  terminology. 

To  ^ve  an  account  of  sucli  a  terminology,  is,  in  fact,  to  give  a 
description  of  a  dictionary  and  grammar,  and  ia  therefore  what  cannot 
here  be  done  in  detail.  Linnseus's  work  contains  about  a  thousand 
terma  of  which  the  meaning  and  application  are  distinctly  explained; 
and  rules  are  given,  by  which,  in  the  use  of  such  terms,  the  botanist 
may  avoid  all  obscurity,  ambiguity,  unnecessary  prolixity  and  com- 
plexity, and  even  inelegance  and  barbarism.  Of  course  the  greater 
part  of  the  words  which  Linnfeus  thus  recognized  had  previously 
existed  in  botanical  writers ;  and  many  of  them  had  been  defined  with 
technical  precision.  Thus  Jung'  had  already  explained  what  was  a 
composite,  what  a,^nitat€  leaf;  what  kind  of  a  bunch  of  flowers  is  a 
spike,  B,  panicle,  an  umbd,  a  corymb,  respectively.  Linnfeus  extended 
such  distinctions,  retaining  complete  clearness  in  their  separation. 
Thus,  with  him,  composite  loaves  are  further  diatmguished  as  digitate, 
pinnafe,  inpinnaU,  pedate,  and  so  on ;  pinnate  leaves  are  ahiiptly  so, 
or  with  an  odd  one,  or  with  a  tendril ;  they  are  pinnate  oppositely, 
alte^-nately,  interruptedly,  artieulately,  decursively.  Again,  the  infio- 
rescmce,  as  the  mode  of  a^emhlage  of  the  flowers  is  called,  may  be  a 
(«/(  (fasciculus),  a  head  (capitulum),  a  duster  (racemus),  a  hunch 
(thyrsus),  s,  panicle,  a  spike,  a  catMn  (amentum),  a  eorymh,  an  umbel, 
a  cyme,  a  whorl  (verticilius).  And  the  rules  which  he  gives,  though 
often  apparently  arbitrary  and  needless,  ai'e  found,  in  practice,  to  be  of 
great  service  by  their  flxity  and  connexion.  By  the  good  fortune  of 
having  had  a  teacher  with  so  much  delicacy  of  taste  as  Linnjeus,  in  a 
wtuation  of  so  much  influence,  Botany  possesses  a  descriptive  language 
which  will  long  stand  as  a  model  for  all  otlier  subjects. 

It  may,  perhaps,  appear  to  some  persons,  that  such  a  terminology  as 
we  have  here  described  must  be  enormously  cumbrous;  and  tha^ 
since  the  terms  are  arbitrarily  invested  wit3i  their  meaning,  the  inven- 
tion of  them  requires  no  knowledge  of  nature.  "With  respect  to  the 
former  doubt,  we  may  observe,  that  technical  description  is,  in  reality, 
the  only  description  which  is  clearly  intelligible ;  but  that  technical 
language  cannot  be  understood  without  being  learnt  as  any  other  Ian- 

'  Isagojfe Fhytoscopka,  IBTfl.  '  Spi'Cugel,  ii,  28. 
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guage  is  learnt;  that  is,  the  reader  must  connect  tlio  tciraa  imnipii 
ately  with  Lis  own  sensations  and  notions,  and  not  mediately,  thiough 
a  verbal  explanation  ;  he  must  not  have  to  guess  their  meamng,  or  to 
discover  it  by  &  separata  act  of  interpretation  into  more  familiar  Ian 
guage  as  often  as  tliey  occur.  The  language  of  botany  must  be  th' 
botanist's  most  familiar  tongue.  "When  the  student  has  thus  loaiiit  tn 
think  in  botanical  language,  it  is  no  idle  distinction  to  tell  him  that  a 
bunch  of  grapes  is  not  a  cluster  ;  tJiat  is,  a  thyrsus  not  a  raceme.  And 
the  terminology  of  botany  is  then  felt  to  be  a  nseful  implement,  not  an 
oppressive  burden.     It  is  only  the  schoolboy  that  complains  of  the  irk- 

;s  of  his  grammar  and  vocabulary.    The  accomplished  student 

«  them  wittont  effort  or  inconvenience. 
As  to  the  other  question,  whether  the  construction  of  such  abotanical 
grammar  and  vocabulary  implies  an  extensive  and  accurate  acquaint- 
ance with  the  facts  of  nature,  no  one  can  doubt  who  is  familiar  with 
any  descriptive  science.  It  is  tme,  that  a  person  might  construct  an 
arbitrary  scheme  of  distinctions  and  appellations,  with  no  attention  to 
natural  objects;  and  this  is  1  t  hall  w  and  self-confident  persons 
often  set  about  doing,  in  son  b  an  h  t  knowledge  with  which  they 
are  imperfectly  acquainted.  Bnt  th  li^l  t  st  attempt  to  use  such  a 
phraseology  leads  to  confiisi  a  d  a  y  tinned  use  of  it  leads  to 
its  demolition.  Lite  a  garm  t  h  h  1  not  fit  ns,  if  we  attempt 
to  work  in  it  we  tear  it  in  p 

The  formation  of  a  good  descnptiie  language  is,  in  fact,  an  induc- 
tive process  of  the  same  kind  as  those  which  we  have  already  noticed 
in  the  progress  of  natuial  history  It  lequires  the  discovery  of  fixed 
characters,  which  disroveiy  is  to  be  maiked  and  fixed,  like  other 
inductive  step",  by  appropnate  techmcat  tm  ms.  The  characters  must 
be  so  fer  fixed,  that  the  things  which  they  connect  must  have  a  more 
permanent  and  real  association  than  the  things  which  they  leave  un- 
connected If  one  bunch  of  grapes  were  really  a  racemus,  and  ano- 
ther a  thyrsus,  according  to  the  definition  of  these  terms,  this  part  of 
the  Linnttan  language  would  lose  its  ^alue;  because  it  would  no 
longer  enatle  us  to  assert  a  general  proposition  with  respect  to  one 
kind  of  plants. 

Sect.  Z.—Linncean  Reform  of  Botanictd  Nomtitrlatitre 

In  the  ancient  writers  each  recognized  kind  ot  plints  h^d  a  distinct 
name.     The  establishment  of  Genera  led  to  the  ptaLtice  of  dc6i[,natinc. 
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Species  by  the  name  of  the  genus,  with  the  addition  of  a  "phvass"'  to 
distinguish  the  species.  These  phrases,  (expressed  in  Latin  in  the 
ablative  case,)  were  sach  as  not  only  to  mark,  but  to  describe  the 
species,  and  were  intended  to  contain  such  features  of  tlie  plant  as 
were  sufficient  to  distinguish  it  from  others  of  the  same  genus.  But 
in  this  way  the  designation  of  a  plant  often  became  a  long  and  int  on- 
venient  assemblage  of  words.     Thiis  different  kinds  of  Eose  were 


described  as, 

Eoaa  campestris,  spinis  cnrens,  biilora  {Eosa  alpina, ) 
Rosa  aouleata,  foliis  odoratis  snbtvis  rubiginosis  {R.  eglameria.) 
Eoaa  Carolina  fragi'ana,  foliis  medio  temiis  eerratis  {B.  Carolina.) 
Rosa  gylveatris  vulgaria,  floi-e  odorato  iiioarnnto  {E.  cunina.) 

And  several  others.  The  prolixity  of  these  appellations,  their  variety 
in  every  different  author,  the  insufficiency  and  corifusion  of  the  dis- 
tinctions which  they  contained,  were  felt  as  extreme  inconveniences. 
The  attempt  of  Bauhia  to  remedy  this  evil  by  a  Synonymy,  had,  as  we 
have  seen,  failed  at  tke  time,  for  want  of  any  directing  principle ;  and 
was  become  still  more  defective  by  the  lapse  of  years  and  the  accumu- 
lation of  fresh  knowledge  and  new  books.  Haller  had  proposed  to 
disiangnish  the  species  of  each  genus  by  the  nmnbei's  I,  2,  3,  and  so 
on  ;  but  botanists  found  that  their  memory  could  not  deal  with  such 
arbitrary  abstractions.  The  need  of  some  better  nomenclature  was 
severely  felt. 

The  remedy  which  Linnasus  finally  introduced  was  the  use  of  trivial 
names ;  that  is,  the  designation  of  eaeh  species  by  the  name  of  the 
genns  along  with  a  single  conventional  word,  imposed  without  any 
general  rule.  Such  n^mes  are  added  above  in  parentheses,  to  the 
specimens  of  the  names  previously  in  use.  But  though  this  remedy 
was  found  to  be  complete  and  satisfactory,  and  is  now  universally 
adopted  in  every  branch  of  natural  history,  it  was  not  one  of  the 
refoiTOs  which  Linnteus  at  first  proposed.  Perhaps  he  did  not  at  firet 
see  its  full  value ;  or,  if  ke  did,  we  may  suppose  that  it  required  more 
self-confidence  than  he  possessed,  to  set  himself  to  introduce  and  esta- 
blish ten  thousand  new  names  in  the  botanical  world.  Accordingly, 
the  first  attempts  of  Linnajus  at  the  improvement  of  the  nomenclature 
of  botany  were,  the  proposal  of  fixed  and  carefiil  rules  for  the  generic 
name,  and  for  the  descriptive  phi-ase.  Thus,  in  his  Critica  Botanica, 
he  Qives  many  precepts  concerning  tlie  selection  of  the  names  of  gene- 
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lA,  intend  A  ti  aecuie  tomememe  tr  elc^m  p  Poi  mstince  tint 
they  ire  to  be  tingle  words,'  ho  suhstitutes  atiopa  foi  hella  donna, 
and  Ifontodon  for  dens  leoms ,  that  they  are  not  to  depend  upon  the 
nime  of  another  gemis,'  as  acnvtola,  a</nmonoides ,  that  the>  are  not' 
to  he  "  aeaqmpeilahi ,"  and,  says  he,  any  tv  ord  is  sesquiped  dnn  to  mt, 
which  has  more  than  tnclve  lettei-a,  is  kilophyUodendron,  tor  which 
he  suhstitutes  calophyllon  Though  some  of  these  rules  may  seem 
pedantic,  there  is  no  doubt  that,  taLen  altogethei,  thL^  tend  exceed 
ingly,  like  the  laboit.  of  punsts  in  other  languages,  to  etjude  e^travi 
gance,  cipnce,  ind  birlarism  m  botanicil  speech 

The  pretepta  which  he  gives  for  the  mitter  of  the  "desuiptive 
phrase,"  oi,  as  it  la  teimed  m  the  language  of  the  Aristotelian  loo; 
cnns,  the  '  Uifferentii,"  aie,  foi  the  most  part,  lesults  of  tlic  qpiieral 
lule,  that  the  most  fixed  chiractera  which  can  he  tound  are  to  he 
used,  this  rule  bung  mterpieted  according  to  all  tlie  tnon ledge  of 
plants  which  had  then  beenacqmred  The  hnguage  of  the  rules  was 
oi  course,  to  be  regulate  1  by  the  terminology,  of  which  wc  have 
aheady  spoken 

Thus,  m  the  Cnlica  Bolamea,  the  nime  of  a  phnt  is  considcied  as 
consisting  of  a  generic  uord  and  a  specific  phrase ,  and  these  ire,  lie 
says,'  the  light  and  left  hands  of  the  plant  But  he  then  speaks  ot 
another  kind  of  nime,  the  trtmal  nime,  ■which  is  opposed  to  lie 
SLientifie  S  ich  names  were,  he  says,'  those  of  his  predecessors,  and 
especially  of  the  most  ancient  of  them.  Hitherto"  no  rules  had  heen 
given  for  their  use.  '  He  manifestly,  at  this  period,  has  small  regard 
for  them.  "  Tet,"  he  says,  "  trivial  names  may,  perhaps,  be  used  on 
this  account, — that  the  differentia  often  turns  out  too  long  to  he  con- 
venient in  common  use,  and  may  require  change  as  new  species  are 
discovered.  However,"  he  continues,  "  in  this  work  we  set  such 
names  aside  altogether,  and  attend  only  to  the  diferenttie." 

Even  in  the  Species  Plantaram,  the  work  which  gave  general  cur- 
rency to  these  trivial  names,  he  does  not  seem  to  have  yet  dared  to 
propose  so  great  a  novelty.  They  only  stand  in  the  margin  of  the 
work.  "I  have  placed  them  there,"  he  says. in  his  Preface,  "that, 
without  circumlocution,  we  may  call  every  herb  by  a  single  name ;  I' 
have  done  this  without  selection,  which  would  i-equire  more  time. 
And  I  beseech  all  sane  botanists  to  avoid  most  religiously  ever  pro- 
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posing  a  trivial  name  wittout  a  sufficient  specific  distinction,  lest  thi: 
science  should  fall  into  its  former  bavbariam." 

It  cannot  be  doubted,  that  the  general  reception  of  these  trivial 
names  of  Linnasus,  as  the  current  language  among  botanists,  was  due, 
in  a  very  great  degree,  to  the  knowledge,  care,  and  skill  witli  which 
his  characters,  both  of  genera  and  of  species,  were  constracted.  The 
rigorous  rules  of  selection  and  expression  which  are  proposed  in  the 
Fuiidamenta  Botanica  and  Critica  Botanica,  he  himself  confonned  to ; 
and  this  scnipulosity  was  employed  upon  the  results  of  immense 
labor.  "  In  order  that  I  might  make  myseK  acquainted  with  the 
speeiea  of  plants,"  he  says,  in  tie  preface  to  his  work  upon  them,  "  I 
have  explored  tlie  Alps  of  Lapland,  the  whole  of  Sweden,  a  part  of 
Norway,  Denmark,  Germany,  Belgium,  England,  France :  I  have  ex- 
amined the  Botanical  Gardens  of  Paris,  Oxford,  Chelsea,  Harlecamp, 
Leyden,  Utrecht,  Amsterdam,  Upsal,  and  others :  I  have  turned 
over  the  Herbals  of  Bursar,  Hermann,  Clifford,  Burmann,  Olden- 
land,  Gronovius,  Royer,  Sloane,  Sherard,  Bobart,  Miller,  Toumefort, 
Vaillant,  Jussieu,  Surien,  Beck,  Brown,  &a. :  mj  dear  disciples  have 
gone  to  distant  lands,  and  sent  me  plants  from  thence;  Kerlen 
to  Canada,  Hasselquist  to  Egypt,  Asbech  to  China,  Toren  to  Sural, 
Solander  to  England,  Alstrcemer  to  Sonthem  Europe,  Martin  to  Spitz- 
bei^en,  Pontin  to  Malabar,  Kcehler  to  Italy,  Forskahl  to  the  East, 
Lffifling  to  Spain,  Montin  to  Lapland :  my  botanical  friends  have  sent 
me  many  seeds  and  dried  planfe  from  various  countries  :  Lagerstrfim 
many  fi'om  the  East  Indies ;  Gronovius  most  of  tfee  Yirginian ;  Gmelin 
all  the  Siberian;  Bnrmann  those  of  the  Cape."  And  in  consistency 
with  this  habit  of  immense  11  t  n  f  materials,  is  his  maxim,"  that 
"  a  person  is  a  better  botanist  n  p  [  t  n  as  he  knows  more  species." 
It  will  easily  be  seen  that  th  mixim  1  k  Newton's  declaration  that 
discovery  requires  patient  tho  ight  1  n  fers  only  to  the  exertions 
of  which  the  man  of  genius  on  u  and  leaves  out  of  sight  his 
peculiar  endowments,  which  he  d  t        because  they  are  part  of 

his  power  of  vision.  With  the  tsste  for  symmetry  which  dictated  the 
Critica  Botanica,  and  the  talent  for  classification  which  appears  in  the 
Genera  Planiarum,  and  the  Systema  Natur(e,  a  person  must  un- 
doubtedly rise  to  higher  steps  of  cl^sificatory  knowledge  and  skill,  as 
he  became  acquainted  with  a  greater  number  of  facts, 

Tbe  acknowledged  superiority  of  Linnieus  in  the  knowledge  of  the 

"  Phil.  Bot.  '15% 
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matter  of  liis  science,  indue    Ith.      [  tlfthmn  vihsX 

concerned  its  form ;  especi  lly  wh      Li  p       pt    w    e,  t     the  most 

part,  recommended  strongly  both  by  m            d   1  g^     ■    The 

trivial  names  of  tlie  Spedea  PI     t  lly             d;  and 

though  some  of  the  details  n  yl  1  It  1  Ih  advan- 
tage of  the  scheme  ensm'es  t  1    m 

Sect.  4. — Linnwu^a  Artificial  System. 

Wb  have  already  seen,  that,  from  the  time  of  Ctesalpinus,  botanists  had 
been  endeavoring  to  frame  a  systematic  arrangement  of  plants.  All 
siieh  arrangements  were  necessarily  both  artificial  and  natural :  they 
were  artificial,  inasmuch  as  tliey  depended  npon  assumed  principles, 
the  number,  form,  and  position  of  certain  parts,  by  the  application  of 
which  the  whole  vegetable  kingdom  was  imperatively  subdivided ; 
they  were  natwal,  inasmuch  as  the  justification  of  this  division  was, 
that  it  brought  together  tliose  plants  whicli  were  naturally  related.  No 
system  of  ari'angement,  for  instance,  would  have  been  tolerated  which, 
in  a  great  proportion  of  cases,  separated  into  distant  parts  of  the  plan 
the  different  species  of  the  same  genus.  As  far  as  the  main  body  of 
the  genera,  at  least,  all  systems  are  natural. 

But  beginning  from  this  lino,  we  may  construct  our  systems  with 
two  opposite  purposes,  according  as  we  endeavor  to  carry  our  assumed 
principle  of  division  rigorously  and  consistently  throngh  the  system,  or 
as  we  wish  to  associate  natural  families  of  a  wider  kind  than  genera. 
The  former  propensity  leads  to  an  artificial,  the  latter  to  a  natural 
metkod.  Each  is  a  System  of  Plants  ;  but  in  the  first,  the  emphasis 
is  thrown  on  the  former  word  of  the  title,  in  the  other,  on  the  latter. 

The  strongest  recommendation  of  an  artificial  system,  (besides  its 
approaching  to  a  natural  method,)  is,  that  it  shall  be  capable  of  easy 
use  ;  for  which  purpose,  the  facts  on  which  it  depends  must  he  appi 
rent  in  their  relations,  and  universal  in  their  occurrence.  The  systei 
of  LinuGBus,  founded  upon  the  number,  position,  and  other  circun 
stances  of  the  stamina  and  pistils,  the  reproductive  organs  of  the  plants, 
possessed  this  merit  in  an  eminent  degree,  as  fer  as  these  characters  are 
concerned  ;  ttat  is,  as  far  as  the  classes  and  orders.  In  its  further  sub- 
division into  genera,  its  superiority  was  mainly  due  to  the  exact  obser- 
vation and  description,  which  we  have  already  had  to  notice  as  talents 
which  Linnojus  peculiarly  possessed. 

The  Linnrean  svstem  of  plants  was  more  definite  than  that  of  Tour- 
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nefort,  wliicli  weis  governed  liy  the  corolla;  for  number  is  more  defi- 
nite than  irregular  form.  It  ■was  more  readily  employed  than  any  of 
those  which  depend  on  the  fmit,  for  the  flower  is  a  more  ohvioua  object, 
and  more  e^ily  examined.  StiU,  it  can  hardly  be  doubted,  that  the  cir^ 
cumstance  which  gave  tJie  main  currency  to  the  system  of  Linnseus  was 
its  physiological  signification;  it  was  the  Sexual  System.  The  rela- 
tion of  the  parts  to  which  it  directed  the  attention,  interested  both  the 
philosophies!  faculty  aad  the  imagination.  And  when,  soon  after  the 
systemhadbecomefamiliarinour  own  country,  the  poet  of  The  Botanic 
Garden,  peopled  the  bell  of  every  flower  with  "  Nymphs"  and  "  Swains," 
his  imagery  was  felt  to  be  by  no  means  forced  and  far-fetched. 

The  history  of  the  doctrine  of  the  sexes  of  plants,  as  a  point  of  phy- 
siology, does  not  belong  to  this  place ;  and  the  Linnsean  system  of 
claKiflcation  need  not  be  longer  dwelt  upon  for  our  present  purpwe. 
I  will  only  explwn  a  little  further  what  has  been  said,  that  it  is,  up  to 
a  certain  point,  a  natural  sj^tem.  Several  of  Linnteus's  classes  are,  in 
a  great  measure,  natural  associations,  kept  together  in  violation  of  his 
own  artificial  rules.  .  Thus  the  class  Diadelphia,  in  which,  by  the  sys- 
tem, the  filaments  of  the  stamina  should  bo  bound  together  in  two 
parcels,  does,  in  fact,  contain  many  genera  which  are  monadelphous, 
the  filaments  of  the  stamina  all  cohering  so  as  to  form  one  handle 
only ;  as  in  Genista,  Spartium,  Anfhyllh,  Iiupmus,  lic.  And  why  is 
this  violataott  of  rule !  Precisely  hecanae  these  genera  all  belong  to 
the  natural  ti'ibe  of  Papilionaceous  plants,  which  tlie  anther  of  the  sys- 
tem could  not  prevail  upon  himself  to  tear  asnnder.  Tet  in  other 
cases  Linnffius  was  true  to  his  system,  to  the  injnry  of  natural  alhances, 
as  he  was,  for  instance,  in  another  portion  of  this  very  tribe  of  Papi- 
lionacece  ;  for  there  are  plants  which  undoubtedly  belong  to  the  tnbe, 
bnt  which  have  ten  separate  stamens ;  and  these  he  placed  in  the 
order  Dceandria.  Upon  the  whole,  however,  ho  inclines  rather  to 
admit  transgression  of  art  than  of  natnre. 

The  reason  of  this  inclination  was,  that  he  rightly  considered  an 
artificial  method  as  instrumental  to  the  investigation  of  a  natural  one; 
and  to  this  part  of  his  views  we  now  proceed. 

Sect,  5. — Linn(xus's  Views  on  a  Natural  Method. 

The  admirers  of  Linnaius,  the  English  especially,  were  for  some  time 
in  the  habit  of  putting  his  Sexual  System  in  opposition  to  the  Natural 
Method,  which  about  the  same  time  was  attempted  in  France.     And 
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as  tiey  often  appear  to  h&vo  imagined  that  the  u!tJii"iii.to  object  of 
botanical  methods  was  to  know  tke  name  of  plants,  they  naturally 
preferred  the  Swedish  method,  which  is  excellent  as  a  finder.  No 
person,  however,  who  wishes  to  know  botany  as  a  science,  that  is,  as 
a  body  of  general  truths,  can  be  content  with  mating  names  hia  ulti- 
mate object.  Such  a  person  ivill  be  constantly  and  irresistibly  led  on 
to  attempt  to  catch  sight  of  the  natural  arrangement  of  plants,  even 
before  he  discovers,  as  he  will  discover  by  pursuing  sncb  a  couree  of 
study,  that  the  knowledge  of  the  natural  arrangement  is  the  know- 
Sedge  of  the  essentia!  construction  and  vital  mechanism  of  plants.  He 
will  consider  an  artificial  method  as  a  means  of  arriving  at  a  natural 
method.  Accordingly,  however  much  some  of  his  followers  may  have 
overlooked  this,  it  is  what  Lianajus  himself  always  held  and  taught. 
And  though  what  he  esecuted  with  regard  to  this  object  was  but  lit- 
tle," the  distinct  manner  in  which  he  presented  the  relations  of  an 
artificial  and  natural  method,  may  justly  be  looked  upon  as  one  of  the 
great  improvements  which  he  introduced  into  the  study  of  his  science. 

Thus  in  the  Olaises  Plantarum  (I'ZiV),  he  speaks  of  the  difficulty 
of  the  task  of  discovering  the  natural  orders,  and  of  the  attempts  made 
by  others.  "Yet,"  he  adds,  "  I  too  have  labored  at  this,  have  done 
something,  have  much  still  to  do,  and  shall  labor  at  the  object  as  long 
as  I  live."  He  afterwards  proposed  sixty-seven  orders,  as  the  frag- 
ments of  a  natural  method,  always  professing  their  imperfection.'' 
And  in  others  of  his  works"  he  lays  down  some  antitheses  on  the 
subject  after  his  maoiner.  "  The  natural  orders  teach  ns  the  nature 
of  plants ;  the  artificial  orders  enable  ua  to  recognize  plants.  The 
natural  orders,  without  a  key,  do  not  constituf*  a  Method ;  the  Me- 
thod ought  to  be  available  without  a  master." 

That  extreme  difficulty  must  attend  the  formation  of  a  Natural  Me- 
thod, may  be  seen  fi'om  the  very  indefinite  nature  of  the  Aphoinsms 
upon  this  subject  which  Linn^us  has  delivered,  and  which  the  best 
botanists  of  succeeding  times  have  assented  to.  Such  are  these ; — 
the  Natural  Orders  must  be  formed  by  attention,  not  to  one  or  two, 
but  to  all  the  parts  of  plants; — the  same  organs  are  of  great  im- 
portance in  regulating  the  divisions  of  one  part  of  the  system,  and 


'^  The  natural  orders  which  he  proposed  are  a  baro  enumeratl 
and  have  not  been  generally  followed, 
"  Phil  Sot.  p,  80. 
"  Genera  Plantarum,  1764.    See  Prteleet.  in  Ord.  Nat.  p.  xlvi 
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of  small  impoi'tancc  in.  another  part ;"— tke  Charactev  does  not  con- 
stitute the  Genus,  hut  the  Genus  the  Character; — the  Chai'acter  is 
nece^ary,  not  to  make  the  Genus,  hut  to  recognize  it.  The  vague- 
ness of  these  maxims  is  easily  seen  ;  the  rule  of  attending  to  all  the 
parts,  implies,  that  we  are  to  estimate  their  relative  importance,  either 
by  physiological  considerations  (and  tJiese  again  lead  to  arbitrary 
rules,  as,  for  instance,  tho  superiority  of  the  ftmction  of  nutrition  to 
that  of  reproduction),  or  by  a  sort  of  latent  natnraliBt  instinct,  which 
Linnasus  in  some  passs^es  seems  to  recognize.  "  The  Habit  of  a 
plant,"  he  says,'"  "  mitst  be  secretly  consulted.  A  practised  botanist 
will  distinguish,  at  the  first  glance,  the  plants  of  ditferent  quarters  of 
the  globe,  and  yet  will  be  at  a  loss  to  tell  by  what  mart  he  detects 
them.  There  is,  I  know  not  what  look, — sinister,  dry,  obscure  in 
African  plants ;  superb  and  elevated,  in  the  Asiatic ;  smooth  and 
cheerful,  in  the  Americaa ;  stunted  and  indurated,  in  the  Alpine." 

Again,  the  rule  that  the  same  parts  are  of  very  different  value  in 
different  Orders,  not  only  leaves  us  in  want  of  rules  or  reasons  which 
may  enable  us  to  compare  the  marts  of  different  Orders,  but  destroys 
the  systematic  completeness  of  the  natural  arrangement.  If  some  of 
the  Oi-ders  be  regulated  by  the  flower  and  othera  by  the  fruit,  we  may 
have  plants,  of  which  the  flower  would  place  them  in  one  Order,  and 
the  fruit  in  another.  The  answer  to  this  difficulty  is  the  maxim 
afready  stated  ; — that  no  Character  makes  the  Order;  and  that  if  a 
Character  do  not  enable  us  to  recognize  the  Order,  it  does  not  answer 
ite  purpose,  and  ought  to  be  changed  for  another. 

This  doctrine,  that  the  Character  is  to  be  employed  as  a  servant 
and  not  as  a  master,  was  a  stumbling-block  in  the  way  of  those 
disciples  who  looted  only  for  dogmatical  and  univeraal  rules.  One 
of  Linn^us's  pupils,  Paul  Dietrich  fliseke,  has  given  us  a  very  lively 
account  of  his  own  perplexity  on  having  this  view  propounded  to 
him,  and  of  the  way  in  which  he  stni^led  with  it.  He  had  com- 
plained of  the  want  of  intelligible  grounds,  in  the  collection  of  natural 
orders  given  by  LinuEens.  Linn.-eus"  wrote  in  answer,  "  You  ask  me 
for  the  characters  of  tho  Natural  Orders :  I  confess  I  cannot  give 
them."  Such  a  reply  naturally  increased  Giseke's  difiiculties.  But 
afterwards,  in  l77l,  he  had  the  good  fortune  to  spend  some  time  at 
TJpsal ;  and  he  narrates  a  conversation  which  he  held  with  the  great 

■=  Fhil.  Sot.  p.  na.  "  lb.  p.  m. 

"  ZijiHOTt  PraUctioaes,  I'l'cf.  p,  xv. 
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teafiher  on  this  subject,  and  wliicli  I  think  may  serve  to  allow  the 
nature  of  the  difficulty ; — one  by  no  means  easily  removed,  and  by  the 
general  reader,  not  even  readily  comprehended  with  distinctness. 
Giseke  began  by  coaceiying  tiiat  an  Order  Jntist  have  that  attribute 
from  which  its  name  is  derived ; — that  the  TTmhellatK  mast  have  tlieir 
flower  disposed  in  an  umbel.  Tiie  "mighty  master"  smOed,"  and 
told  him  not  to  look  at  names,  bat  at  nature.  "But"  (said  the  pupil) 
"  what  is  tlie  use  of  the  name,  if  it  does  not  mean  what  it  professes  to 
mean  ?"  "  it  is  of  small  import"  (replied  Linnteus)  "  what  yon  call 
the  Order,  if  you  take  a  proper  series  of  plants  and  give  it  some  name, 
which  is  clearly  understood  to  apply  to  the  plante  which  you  have 
associated.  In  such  cases  s&  you  refer  to,  I  followed  the  logical  rule, 
of  borrowing  a  name  a  potiori,  from  the  principal  member.  Can  jou" 
(he  added)  "  give  me  the  character  of  any  single  Order  ?"  Giseke, 
"  Surely,  the  character  of  the  Umbellatce  is,  that  they  hare  an  imibel  f 
Lirtnwtis.  "  Good ;  but  there  are  plants  which  have  an  umbel,  and 
are  not  of  the  Umhellatcs"  G.  "  I  remember.  We  must  therefore 
add,  that  they  have  two  naked  seeds."  L.  "Then,  Sckinophora, 
which  has  only  one  seed,  and  Eryngium,  which  has  not  an  umbel, 
\vill  not  be  Umhellatm;  and  yet  they  are  of  the  Order."  &.  "1 
would  place  Eryiigiuw,  among  the  Aggregaiee"  L,  "No;  both  are 
beyond  dispute  XTmbellatce.  Mryngium  has  an  involuermn,  five 
stamina,  two  pistils,  &c.  Try  again  for  your  Character,"  ff.  "  I 
would  transfer  such  plants  to  the  end  of  the  Order,  and  make  them 
form  the  transition  to  the  next  Order.  Mryngiwn  would  eonncct  the 
UmhellaUB  with  the  Aggregatee^'  L.  "  Ah !  my  good  friend,  the 
Transilion  from  Order  to  Order  is  one  thing;  the  Character  of  an 
Order  is  another.  The  Transitions  I  could  indicate  ;  but  a  Character 
of  a  Natural  Order  is  imp<Ksible.  I  will  not  give  my  reasons  for  the 
distribution  of  Natural  Orders  which  I  have  published.  You  or  some 
other  person,  after  twenty  or  after  fifty  years,  will  discover  them,  and 
see  I  was  in  the  right." 

I  have  given  a  portion  of  this  curious  conversation  in  order  to  show 
that  the  attempt  to  establish  Natural  Orders  leads  to  convictions  which 
are  out  of  the  domain  of  the  systematic  grounds  on  which  they  profess 
to  proceed.  I  believe  the  real  state  of  the  case  to  be  that  the  sjste- 
matist,  in  aueh  instances,  is  guided  by  an  unformed  and  undeveloped 
apprehension  of  physiological  functiona.     The  ideas  of  the  form,  num- 
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ber,  and  figure  of  parts  are,  in  some  measure,  overshadowed  and  super- 
seded "by  the  rising  perception  of  organic  and  idtal  relations ;  and  tic 
philosopher  who  aims  at  aNaturaJ  Method,  while  he  is  endeavoring 
merely  to  explore  the  apartment  in  which  he  had  placed  himself,  that 
of  Arrangement,  is  led  heyond  it,  to  a  point  where  another  light  begins, 
though  diroly,  to  be  seen;  he  is  brought  within  the  influence  of  the 
ideas  of  Organization  and  Life, 

The  sciences  which  depend  on  these  ideas  will  be  tlie  subject  of  our 
consideration  hereafter.  But  what  has  been  said  may  perhaps  serve  to 
explain  the  acknowledged  and  inevitable  imperfection  of  the  unphy- 
siological  Linnjean  attcmpla  towards  a  natural  method.  "Artificial 
Classes  are,"  Linnasus  says,  "  a  substitute  for  Natural,  till  Natural  are 
detected."  Eut  we  have  not  yet  a  Natural  Method.  "  Nor,"  lie  sa}'s, 
in  the  conversation  above  cited,  "  can  we  Lave  a  Natural  Method ;  for 
a  Natural  Method  implies  Natural  Classes  and  Orders;  and  tiese 
Ordei-s  must  have  Characters."  "And  they,"  he  adds  in  another  place," 
"  who,  though  they  cannot  obtain  a  complete  Natural  Method,  arrange 
plants  according  to  the  fragments  of  such  a  method,  to  the  rejection  of 
the  Artificial,  seem  to  me  like  persons  who  pull  down  a  convenient 
vaulted  room,  and  set  about  building  another,  though  they  cannot  turn 
the  vault  which  is  to  cover  it." 

How  iar  these  considerations  deterred  other  persons  from  turning 
their  main  attention  to  a  natural  method,  we  shall  shortly  see ;  but  in 
the  mean  time,  we  must  complete  the  history  of  the  Linnsean  Reform. 

■Sect.  6. — Reception  and  Diffusion  of  the  Zinncean  Beform. 

We  have  already  seen  tliat  Linnteus  received,  fi^:>m  his  own  country, 
honors  and  emoluments  which  mark  his  reputation  as  established,  as 
early  as  1740 ;  and  by  his  publicationa,  his  lectures,  and  his  personal 
communications,  he  soon  drew  round  him  many  disciples,  whom  he  im- 
pressed strongly  with  his  own  doctrines  and  methods.  It  would  seem 
tliat  the  seiences  of  classification  tend,  at  least  in  modem  times  more 
than  other  sciences,  to  collect  about  the  chair  of  the  teacber  a  large 
body  of  zealous  and  obedient  pupils  ;  Linnasus  and  Werner  were  by  far 
the  most  powerful  heads  of  schools  of  any  men  who  appeared  in  the  course 
of  the  last  century.  Perhaps  one  reason  of  this  is,  that  in  these  sciences, 
\  of  such  an  enormous  multitude  of  species,  of  t 

"  Geii.  Plant,  in  Pridect.  p.  sii. 
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pailiuYilai's,  and  of  previous  classifications,  the  kanior  is  dcpoEdent 
upon  tlie  teacher  more  completely,  and  for  a  loBgei  time  than  in  otliev 
subjects  of  speculation  :  lie  cannot  so  soon  or  so  easily  cast  off  the  aid 
and  influence  of  die  master,  to  pursue  reasonings  and  hypotheses  of  his 
own.  Whatever  the  cause  may  be,  the  feet  is,  tliat  the  reputation  and 
authority  of  Linutsus,  in  the  latter  part  of  his  life,  were  immense.  He 
enjoyed  also  royal  favor,  for  the  King  and  Queen  of  Sweden  were  both 
fond  of  natural  history.  In  1753,  Linnseua  received  irom  tlie  hand  of 
his  sovereign  the  knighthood  of  the  Polar  Star,  an  honor  which  had 
never  before  been  conferred  for  literary  merit;  and  in  1766,  was 
i-aised  to  the  rank  of  Swedish  nobility  by  the  title  of  Von  Linnfi ;  and 
this  distinction  was  confirmed  by  the  Diet  in  1762.  He  lived,  honored 
and  coiirted,  to  the  age  of  seventy-one ;  and  in  1778  was  buried  i,n 
the  cathedral  of  IJpsal,  with  many  testimonials  of  public  respect  and 
veneration. 

De  Candolle"  assigns,  as  tlie  causes  of  the  successes  of  the  LinnEeaii 
system, — the  specific  names, — the  characteristic  phrase, — the  fixation 
of  descriptive  langtiage, — the  distinction  of  varieties  and  species, — the 
extension  of  the  method  to  aU  the  kingdoms  of  nature,— and  the  prac- 
tice of  introducing  into  it  the  sjvecies  most  recently  discovered.  This 
last  course  Linnaaus  constantly  pursued;  thus  making  his  works  the 
most  valuable  for  matter,  as  they  were  tlio  most  convenient  in  form. 
The  general  difRision  of  his  methods  over  Europe  may  be  dated,  perhaps, 
a  few  years  after  1760,  when  the  tenth  and  the  succeeding  editions  of 
the  Systoma  Ifahtrce  were  in  circulation,  professing  to  include  every 
species  of  oi^nized  beings.  But  his  pupils  and  correspondents  eifected 
no  ic^  than  his  books,  in  giving  currency  to  his  system.  In  Germany," 
it  ivas  defended  by  Ludwig,  Gesner,  Fabricius.  But  Haller,  whose 
reputation  in  physiology  was  as  great  as  that  of  Lumajus  in  methodology, 
■■ejected  it  as  too  merely  artificial.  In  France,  it  did  not  make  any 
lapid  or  extensive  progress:  the  best  French  botanists  were  at  this 
time  occupied  with  the  solution  of  the  great  problem  of  the  construction 
of  a  Natui-al  Method.  And  though  the  rhetorician  Eousseau  charmed, 
wo  may  suppose,  with  the  elegant  precision  of  the  Philosophia  Bota- 
niea,  declared  it  to  be  the  most  philosophical  work  he  had  ever  road 
in  his  life,  Buffon  and  Andanson,  describera  and  philosophers  of  a  more 
ambitious  school,  felt  a  repugnance  to  the  rigorous  rules,  and  limited, 
but  finished,  undertakings  of  the  Swedish  naturalist.    To  resist  his 

"  S7t4or.  Mini.  p.  40.  "  Spvengel,  ii.  244. 
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(.nticism  and  his  influence,  they  ■wmed  themsebis  witlt  dislike  and 
(.ontempt 

In  England  the  Linnioan  ajitem  was  very  f^\oial)ly  ii;(-ei\ed: — 
perhaps  the  more  iawiiibly,  for  being  Jt  btrictly  artificial  sjsteni  For 
the  indefinite  and  nnfinielied  form  which  almost  inevitably  clings  to  a 
natural  method,  appears  to  be  peculiarly  diatasteflil  to  our  countrymen. 
It  might  aeem  aa  if  the  suspense  and  craving  which  comes  with  know- 
ledge confe^edly  incomplete  were  so  disagreeable  to  them,  that  they 
were  willing  tfl  avoid  it,  at  any  rate  whatever ;  either  by  rejecting  sys- 
tem altogether,  or  by  accepting  a  dogmatical  system  without  reaerre. 
The  former  has  been  their  course  in  recent  times  with  regard  to 
Mineralogy ;  the  latter  was  their  proceeding  with  respect  to  the 
Linutean  Botany.  It  is  in  this  country  alone,  I  believe,  that  Weme- 
n'om  and  Zittncean  Societies  have  been  instituted.  Such  appellations 
somewhat  remind  us  of  the  Aristotelian  and  Platonic  schools  of  ancient 
Greece.  In  the  same  spirit  it  was,  that  the  Artificial  System  was  at 
one  time  here  considered,  not  as  subsidiary  and  preparatory  to  the 
Natural  Orders,  but  as  opposed  to  them.  This  was  much  as  if  the 
disposition  of  an  army  in  a  review  should  be  considered  as  inconsistent 
with  auotbev  arrangement  of  it  in  a  battle. 

When  Linneeus  visited  England  in  1736,  Sloane,  then  the  patron  of 
natural  history  in  this  country,  is  said  to  have  given  him  a  cool  recep- 
tion, such  as  was  perhaps  most  natural  from  an  old  man  to  a  young 
innovator ;  and  Dilleniua,  the  Professor  at  Oxford,  did  not  accept  the 
sexual  system.  But  aa  Pulteney,  the  hiatoi-ian  of  English  Botany,  says, 
when  his  works  became  known,  "  the  simplicity  of  the  classical  charac- 
ters, the  uniformity  of  the  generic  notes,  all  confined  to  the  parts  of 
the  iructifloation,  and  the  precision  which  marked  the  specific  distinc- 
tions, merits  so  new,  soon  commanded  the  assent  of  the  unprejudiced." 

Perhaps  the  progress  of  the  introduction  of  the  Linrtfean  System 
into  England  will  be  best  understood  from  the  statement  of  T.  Martyn, 
who  was  Professor  of  Botany  in  the  "University  of  Cambridge,  from 
lYai  to  1825.  "About  the  year  1760,"  he  says,"  "I  wasapupil  of 
the  school  of  our  great  coimtryman  Eay ;  but  the  rich  vein  of  know- 
ledge, the  profoundness  and  precision,  which  I  remarked  everywhere 
in  the  Pkilosophia  Botanka,  (published  in  l7ol,)  withdrew  me  from 
my  first  master,  and  I  became  a  decided  convert  to  that  system  of 
botany  which  has  since  been  generally  received.     In  1753,  the  Species 

™  Pref,  to  Language  of  Botany,  3rd  edit.  1807. 
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Plantarum,  which  first  introduced  the  specific  names,  made  me  a  Lin- 
nasan  completely."  In  1763,  he  introduced  the  system  in  his  lectures 
at  Cambridge,  and  these  were  the  first  Linntean  lectures  in  England. 
Stillingfleet  had  already,  innsT,  and  Lee,  in  1760,  called  the  attention 
of  English  readers  to  Linnseas.  Sir  J.  Hill,  (the  king's  gardener  at 
Kew,)  in  his  Flora  Mritanniea,  published  in  1760,  had  employed  the 
classes  and  generic  characters,  but  not  the  nomenclature ;  but  the  latter 
was  adopted  by  Hudson,  in  1 J62,  in  the  Flora  Anglka. 

T\vo  young  Swedes,  pnpils  of  Linnieus,  Uiyander  and  Solander,  set- 
tled in  England,  and  were  in  intimate  intercourse  with  the  most  active 
imturalists,  especially  with  Sir  Joseph  Banks,  of  whom  the  former  was 
librarian,  and  the  latter  a  fellow-traveller  in  Cook's  celebrated  voyage. 
James  Edward  Smith  was  also  one  of  the  most  zealous  disciples  of  the 
Linnsean  school ;  and,  after  the  death  of  Linnseus,  purchased  his  Her- 
bariums and  Collections.  It  is  related,"  as  a  curious  proof  of  the  high 
estimation  in  which  Linnseus  was  held,  that  when  the  Swedish  govern- 
ment heard  of  this  hatpin,  they  tried,  though  too  late,  to  prevent 
these  monuments  of  their  countryman's  labor  and  glory  being  carried 
from  his  native  land,  and  even  went  so  far  as  to  send  a  &igate  in  pur- 
suit of  the  ship  which  conveyed  them  to  England,  Smith  had,  how- 
ever, the  triumph  of  bringing  them  home  in  safety.  On  his  death 
they  were  purchased  by  the  Linnfean  Society.  Such  relies  serve,  as 
will  easily  be  imagined,  not  only  to  warm  the  reverence  of  his  admi- 
rers, but  to  illustrate  his  writings  :  and  since  they  have  been  in  thK 
country,  they  have  been  the  object  of  the  pilgrimage  of  many  a  bota- 
nist, from  every  part  of  Europe. 

I  have  purposely  confined  myself  to  the  history  of  the  Linnsean  sys- 
tem in  the  cases  in  which  it  is  most  easily  applicable,  omitting  all 
cousiderafion  of  more  obscure  and  disputed  kinds  of  vegetables,  as 
ferns,  mosses,  fangi,  lichens,  sea-weeds,  and  the  like.  The  nature  and 
progress  of  a  classificatory  science,  which  it  is  our  main  purpose  to 
bring  into  view,  will  best  be  imderstood  by  attending,  in  the  first 
place,  to  the  cases  in  which  such  a  science  has  been  pursued  with  the 
most  decided  success  ;  and  the  advances  which  have  been  made  in  the 
knowledge  of  the  more  obscure  vegetables,  are,  in  fact,  advances  in 
artificial  classification,  only  in  as  far  as  they  are  advances  in  natural 
classification,  and  in  physiology. 

To  these  subjects  wo  now  proceed. 

"  Trapp's  Trand.  of  Stoioer's  Life  of  Linnaus,  p.  314. 
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ClIAriEE  V. 
pROGEESs  TOWARDS  A  NATURAL  System  or  Botany. 

¥E  have  already  said,  tliat  tlie  formation  of  a  Natuml  System  of 
clEKsifieation  must  result  from  a  comparison  of  all  tlie  resem- 
blances and  differences  of  tke  things  classed;  but  that,  in  acting  upon 
this  maxim,  the  naturalist  is  necerearily  either  guided  by  an  obscure 
and  instinctive  feeling,  which  is,  in  fact,  an  nndeveloped  recognition 
of  physiological  relations,  or  else  acknowledges  physiology  foir  his 
guide,  thouglt  Le  is  obliged  to  assume  arbitrary  sniles  in  order  to  inter- 
pret ite  indications.  Thus  all  Natural  Classification  of  organized 
beings,  either  be^ns  or  soon  ends  m  Physiology ;  and  can  never  ad- 
vance fiiv  without  the  aid  of  thit  science  StOl,  the  progress  of  the 
Natural  Method  in  botany  went  to  such  a  length  before  it  was 
groimded  entirely  on  the  anatomy  of  plants,  that  it  will  be  proper,  and 
I  hope  instmctive,  to  attempt  a  sketch  of  it  here. 

As  I  have  already  had  occasion  to  remark,  tlie  earlier  systems  of 
plants  were  natural ;  and  they  only  ceased  to  be  so,  when  it  appeared 
that  tte  problem  of  constructing  a  system  admitted  of  a  very  useful 
solution,  while  the  problem  of  devising  a  natural  system  remained 
insoluble.  But  many  botanists  did  not  so  easily  renounce  the  highest 
object  of  their  science.  In  France,  especially,  a  succession  of  extras 
oi-dinary  men  labored  at  it  with  no  inconsiderable  success ;  and  they 
were  seconded  by  worthy  fellow-laborers  in  Germany  and  elsewhere. 

The  precept  of  taldng  into  account  all  the  parts  of  plants  according 
to  their  importance,  may  be  applied  according  to  arbitrary  rules.  We 
may,  for  instance,  assume  that  the  iiiiit  is  the  most  important  part; 
or  we  may  mate  a  long  list  of  parts,  and  loot  for  agreement  in  the 
greatest  possible  number  of  these,  in  order  to  construct  om'  natural 
orders.  The  former  course  was  followed  by  Gtertner;'  the  latter  by 
Adanson.  Gsertner's  principles,  deduced  fix>m  the  dissection  of  more 
tJian  a  thousand  kinds  of  fruits,'  exercised,  in  the  sequel,  a  great  and 

'  Be  Fructibus  et  Seminibas  Flanlarum.    Stuttg.  HaS-lTOl. 
'  Sprengel,  U.  2B". 
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permanent  influence  o    th    f    m  t  t      t      1    la>  \  1 

attempt,  bold  and  ing        «,  b  1        1  b  th      t  m       d  h       te    t6 
a  somewhat  earlier  ata^      f  th       bj    t      E  thus     t         d  1  b 
beyond  belief,  but  sell       flit       d        tit  fthib         f 

others,  Michael  Adan,      hllltld  hj  1     ^ 

Senegal,  an  enormou    m         fkwllg         1       tnl  dhi 

formed  plana  for  tlie    j  t  m       1    h  h  d  hmis  It  th 

powered  to  reach,  tar  hejond  the  stiength  and  the  lot  of  man.  In 
his  Families  of  Plants,  however,  ail  agree  that  his  labors  were  of  real 
value  to  the  science.  The  method  which  he  followed  ia  thus  described 
by  his  eloquent  and  philosophical  eulogist.' 

Considemg  each  organ  by  itself,  he  formed,  by  pui-auing  its  various 
modifications,  a  system  of  division,  in  whiolt  he  arranged  all  known 
species  according  to  that  organ  alone.  Doing  the  same  for  another 
organ,  and  another,  and  so  for  many,  he  constructed  a  collection  of 
systems  of  arrangement,  each  artificial, — each  founded  upon  one 
assumed  oi^n.  The  species  which  come  together  in  all  theie  systems 
are,  of  all,  naturally  the  nearest  to  each  otbei ,  those  which  aic 
separated  in  a  few  of  the  systems,  but  contiguous  m  the  greatest 
number,  are  naturally  near  to  each  other,  though  less  near  than  the 
former;  those  which  are  separated  in  a  gi-eatei  number,  aie  fni-thei 
removed  from  each  other  in  natnve;  and  they  aie  the  moie  lemoved, 
the  fewer  are  the  systems  in  which  they  are  associated 

Thus,  by  this  method,  we  obtain  the  means  of  estmmtmg  prociselj 
the  degree  of  natural  affinity  of  sU  the  species  which  oui  systems 
include,  independent  of  a  physiological  knowledge  of  tlie  influence  of 
the  organs.  But  the  method  has,  Cuvier  adds,  the  inconvenience  of 
presupposing  another  kind  of  knowledge,  which,  though  it  belongs 
only  to  descriptive  natnral  histoiy,  is  no  less  difficult  to  obtain ; — the 
knowledge,  namely,  of  all  species,  and  of  all  the  oi^-ans  of  each,  A 
single  one  neglected,  may  lead  to  relations  the  most  felse ;  and  Adan- 
son  himself,  in  spite  of  the  immense  munber  of  his  obsorvatioiia, 
exemplifies  this  in  some  instances. 

"We  may  add,  that  in  the  division  of  the  atracture  into  organs,  and 
in  the  estimation  of  the  gradations  of  these  in  each  artificial  system, 
there  is  still  room  for  arbitrary  assumption. 

In  the  mean  time,  the  two  Jusaieus  had  presented  to  the  world  a 
"Ifatural  Method,"  which  produced  a  sti'onger  impression  than  the 

'  J-hmillca  des  Fianles,  17ij3.    '  Cuvier's  Elotje.     '  Cuv.  Eloijcs,  torn.  i.  p.  2S2, 


d  by  Google 


" Univeiaal  Method"  of  Atlansou.  Tlie  first  ^utlior  of  tlie  system 
was  Bernard  de  Jussieu,  who  applied  it  in  tie  arrangement  of  the  gar- 
den of  the  Trianon,  in  1T59,  though  he  never  published  upon  it.  His 
nephew,  Antoine  Laurent  de  Jussieu,  in  his  Treatise  of  the  Arranffe- 
ment  of  the  Trianon,'  gave  an  account  of  the  principles  and  ordera  of 
his  uncle,  which  he  adopted  when  he  succeeded  him  ;  and,  at  a  later 
period,  published  his  Genera  Plantarum  secundum,  Ordines  Naturales 
disposita  ;  a  work,  says  Cuvier,  which  perhaps  forms  as  important  an 
epoch  in  the  sciences  of  observation,  as  the  OHmie  of  Lavoisier  does 
in  the  sciences  of  experiment.  The  object  of  the  Jusaieus  was  to 
obtain  a  system  which  should  be  governed  hy  the  natural  affinities  of 
the  plants,  while,  at  the  same  time,  the  characters  by  which  the  orders 
were  ostensibly  determined,  should  be  as  clear,  simple,  and  precise,  as 
those  of  the  best  ai'tificial  system.  The  main  points  in  these  charac- 
ters were  the  number  of  the  cotyledons,  and  the  structure  of  the  seed ; 
and  subordinate  to  this,  the  insertion  of  the  stamina,  which  they  dis- 
tinguished as  epigynous,  perigynoui,  and  hypogynous,  according  as 
they  were  inserted  over,  about,  or  under,  the  gennen.  And  the 
elates  which  were  formed  by  tie  Jussieus,  though  they  have  since 
been  modified  by  succeeding  writers,  have  been  so  far  retained  by  the 
most  profound  botanists,  notwithstanding  all  the  new  care  and  new 
light  which  have  been  bestowed  upon  the  subject,  as  to  show  that 
what  was  done  at  first,  was  a  reil  and  important  step  in  the  solution 
of  the  problem. 

The  merit  of  the  formation  of  this  natural  method  of  plants  must 
be  divided  between  the  two  Jusiieus  It  has  been  common  to  speak 
of  the  nephew,  Antoine  Lament,  as  only  the  publisher  of  his  uncle's 
work.'  But  this  appears,  fiom  a  lerent  statement,"  to  be  highly  un- 
just. Bernard  left  nothing  m  wntmg  but  the  catalogues  of  the  garden 
of  the  Trianon,  which  he  had  arranged  according  to  his  own  views ; 
but  these  catalogues  consist  merely  of  a  series  of  names  without  ex- 
planation or  reason  added.  The  nephew,  m  1773,  undertook  and 
executed  for  himself  the  examination  of  a  natmal  lamUy,  the  JRanun- 
culacem;  and  he  was  wont  to  lelite  (as  his  son  informs  us)  that  it 


'  M^.  Ab.  F.  1774. 

'  ProAraiiais  Florir-  Fening.  Ind.  Orient  Wight  and  W:dker-Arn<itt,  Introd. 
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was  this  employment  which,  first  opened  his  ejes  and  rendered  him.  a 
hotanist.  In  the  memoir  which  he  wrote,  he  explained  fiilly  the  rela- 
tive impoi-tance  of  the  characters  of  plants,  and  the  subordination  of 
some  to  otJiers ; — an  essential  consideration,  which  Adanson's  scheme 
had  foiled  to  take  account  of.  The  uncle  died  in  1111 ;  and  his 
nephew,  in  speaking  of  him,  j  h'  ai  a  ^  m  nt  to  the  Ordinen 
Ifaturaks  oilArnisem;  "Both  ih  tl    rs    h       j s,  " have  satisfied 

themselves  with  giving  a  catal  g  e     f  wl    h  approach  each 

other  in  different  points,  with  ut  plan  th  m  t  s  which  induced 
them  to  place  one  order  bel       a    tl  t    a    ans;    a  genua  under 

a  certain  order.  These  two  ana  ^  m  nt  n  a>  t  nceived  aa  pro- 
blems which  their  authors  ha  1  ft  f  ft  mat  t  olve.  Linnteus 
published  his ;  that  of  M.  de  J  ss  en  o  ly  kn  -n  1  y  the  manuscript 
catalogues  of  the  garden  of  th    T  lan  n 

It  WfB  not  till  the  younger  Jnssieu  had  employed  himself  for  nine- 
teen years  upon  botany,  that  he  published,  in  1Y89,  his  Genera  Flan- 
tarum. ;  and  by  this  time  he  had  so  entirely  formed  his  scheme  iu  hia 
head,  that  he  began  the  impresaion  without  having  written  the  book, 
and  the  manuscript  was  never  more  than  two  pages  in  advance  of  the 
printer's  type. 

When  this  work  appeared,  it  was  not  received  with  any  enthusiasm ; 
indeed,  at  that  time,  the  revolution  of  states  absorbed  the  thoughts  of 
all  Europe,  and  left  men  little  leisure  to  attend  to  the  revolutions  of 
science.  The  author  himself  was  drawn  into  the  vortex  of  public 
affairs,  and  for  some  years  forgot  hia  boot.  The  method  made  its 
way  slowly  and  witJi  difBcnlty :  it  was  a  long  time  before  it  was  com- 
prehended and  adopted  in  France,  although  the  botanists  of  that 
country  had,  a  little  while  before,  been  so. eager  in  pursuit  of  a  natural 
system.  In  England  and  Germany,  which  had  readily  received  the 
Linniean  method,  its  pn^ress  was  still  more  tardy. 

There  is  only  one  point,  on  which  it  appears  necessary  further  to 
dwell.  A  main  and  fundamental  distinction  in  all  natural  systems,  is 
that  of  the  Monocotyledonons  and  Dicotyledonous  plants;  that  is, 
plants  which  unfold  themselves  from  an  embryo  with  two  little  leaves, 
or  with  one  leaf  only.  This  distinction  produces  its  effects  in  tlie 
systems  which  are  regulated  by  numbers ;  for  the  flowers  and  fruit  of 
the  monocotyledons  ai-e  generally  referrible  to  some  law  in  which  the 
number  three  prevails ;  a  type  which  rarely  occurs  in  dicotyledons, 
these  affecting  most  commonly  an  an'angement  founded  on  the  wxm- 
har  five.     But  it  appears,  when  we  attempt  to  rise  towards  a  natural 
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method,  that  this  division  aouording  to  tiie  cotyledons        t      I     he 
order  than  the  other  divisions  according  to  number ;  and  p  nd 

to  a  distinction  in  the  general  structure  and  oi^anization    f  the  plant 
The  apprehension  of  the  due  rank  of  this  distinction  ha    ^    du  11 
grown  clearer,     Cuvier"  conceives  that  he  finds  such  a  di        n   1  a  1} 
maried  in  Ixibel,  in  1581,  and  employed  by  Eay  as  th    has      t  h 
cliBsification  a  century  later.     This  difference  has  had    t    d  e  pla 
assigned  it  in  more  recent  systems  of  arrangement;   but    t         nlj 
later  still  that  its  full  import  has  been  distinctly  brought      t 
Deafontajnea  discovered"  that  the  ligneous  fibre  is  d      1  p  d    n     n 
opposite  manner  in  vegetables  with  one  and  witli  two  cot}ledoES , — 
towards  the  inside  in  the  former  esse,  and  towards  the  outside  in  the 
latter ;  and  henco  these  two  great  classes  have  been  since  termed  endo- 
ffenous  and  exogenous. 

Thus  this  division,  according  to  the  cotyledons,  appears  to  have  the 
stamp  of  reality  put  upon  it,  by  acquiring  a  physiological  meaning, 
■  Yet  we  are  not  allowed  to  forget,  even  at  this  elevated  point  of  gene- 
ralization, that  710  one  character  can  be  imperative  in  a  natural  method. 
Lamarck,  who  employed  his  great  talents  on  botany,  before  he  devoted 
himself  exclusively  to  other  branches  of  natural  history,  published  bis 
views  concerning  methods,  systems,"  and  characters.  His  main 
principle  is,  that  no  single  part  of  a  plant,  however  essential,  can  be  an 
absolute  rule  for  classification ;  and  hence  he  blames  the  Jussieuian 
method,  as  giving  this  inadmissible  authority  to  the  ooljledons. 
Roscoe"  further  urges  that  some  plants,  as  Orchis  morio,  and  Limodo- 
rum  verecu-ndum,  have  no  visible  cotyledons.  Yet  De  Candolle,  who 
labored  along  with  Lamarck,  in  the  new  edition  of  the  Flore  Fran- 
ftdse,  has,  as  we  have  already  intimated,  been  led,  by  the  most  careful 
application  of  the  wisest  principles,  to  a  system  of  Natural  Orders,  of 
which  Jussieu's  may  be  looked  upon  as  the  baas ;  and  we  shall  find 
the  greatest  botanists,  up  to  the  most  recent  period,  recognizing,  and 
employing  themselves  in  improving,  Jussieu's  Natural  Famihes ;  so 
that  in  the  progress  of  this  part  of  our  knowledge,  vague  and  per- 
plexing aa  it  is,  we  have  no  exception  to  om'  general  aphorism,  that  no 
real  acquisition  in  science  is  ever  discarded. 

=  Stsi.  Be  iVo/,  ii  IflT.  "  Siia.  Be.  2fai.  i.  pp.  196,  3S0. 

"  Sprengd,  ii.  2B8 ;  and,  there  quoted.  Mete  M-^gaise,  t.  i.  3,  1118.  Mem. 
Aa.  P.  1785,  Joam.  Hist.  Nst.  t,  i.  For  Lamarck's  Methods  Aimlytique,  see 
Dumeril,  Sc.  Nai.  i.  Art,  390. 

'"  RoBooe,  Jinn.  Tr.  vol  xi,    Gaacuta  also  has  no  eotyledona. 
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The  reception  of  the  system  of  Jussieu  in  tliis  couittiy  was  not  so 
ready  and  cordial  as  that  of  Linnieias.  As  we  have  already  noticed, 
the  two  syfitems  were  looked  upon  as  rivals.  Thns  Eoscoo,  in  1810,'° 
endeavored  to  show  that  Jusaieu's  system  was  not  more  natural  than 
the  Linnfean,  and  was  inferior  as  an  artificial  system  :  but  he  argues 
his  points  as  if  Jussien's  characters  were  the  gronnds  of  his  distribu- 
tion ;  which,  as  wo  have  said,  is  to  mistake  the  constrnction  of  a  natu- 
ral system.  In  1803,  Salisbury"  had  already  assailed  the  machinery 
of  the  system,  maintaining  that  there  are  no  cases  of  perigjiious  sta- 
mens, as  Jussieu  assumes ;  but  this  he  urges  with  great  expressions  of 
respect  for  the  author  of  the  method.  And  the  more  profound  bota- 
nists of  England  soon  showed  that  they  could  appi-eciate  and  extent) 
the  natural  method.  Robert  Brown,  who  had  accompanied  Captain 
Flinders  to  New  Holland  in  1801,  and  who,  after  examining  that 
country,  brought  home,  in  180S,  nearly  four  thousand  species  of 
plants,  was  the  most  distinguished  example  of  tiis.  In  his  preface  to 
the  Prodromiis  Florw  Novce  Hollandim,  he  says,  that  he  found  him- 
self under  the  necessity  of  employing  the  natural  method,  as  the  onlv 
way  of  avoiding  serious  error,  when  he  had  to  deal  with  so  many  new 
genera  as  occur  in  New  Holland ;  and  that  he  has,  therefore,  tbllowed 
the  method  of  Jussieu ;  the  greater  part  of  whose  orders  are  trnly 
natural,  "altliough  their  arrangement  in  classes,  as  is,"  lie  says,  "  con- 
ceded by  their  anthor,  no  less  candid  than  learned,  is  often  artificial, 
and,  (ffi 'appears  to  me,  rests  on  doubtfiil  gronnds." 

From  what  has  already  been  said,  the  reader  will,  I  trust,  see  what 
an  extensive  and  exact  knowledge  of  the  vegetable  world,  and  what 
comprehensive  views  of  affinity,  must  be  requisite  in  a  person  who  has 
to  modify  the  natural  system  so  as  to  make  it  suited  to  receive  and 
arrange  a  great  number  of  new  plants,  extremely  different  from  the 
genei-a  on  which  the  arrangement  was  first  formed,  as  the  New  Hol- 
land genera  for  the  most  part  were.  He  iviil  also  see  Jiow  impossible 
it  must  he  to  convey  by  extract  or  description  any  notion  of  tlie  na- 
ture of  tliese  modifications :  it  k  enorigh  to  say,  that  ticy  have  excited 
the  applause  of  botanists  wherever  the  science  is  studied,  and  that 
they  have  induced  M.  de  Htunboldt  and  his  fellow-laborers,  tbemselves 
botanists  of  the  first  rank,  to  dedicate  one  dfi  their  works  to  him  in 
terms  of  the  strongest  admiration."     Mr.  Brown  has  also  published 


"  lAnn.  Tr.  vol.  xi.  p.  60, 

"  Roberto  Brown,  Britanniarmn  glociie  atqne 

ent.imi  \i:si!'i^'>  iririfi''o  ^"iiiplcptenti.  Ae. 


rdb,  Google 


410  HISTORY  OP  BOTAHY. 

special  disquisitions  on  parts  of  the  IS"atural  System ;  as  on  Jussieu's 
Froteace(B .-"  on  the  Asde^iadecB,  a  natural  femily  of  plants  whicli 
must  be  separated  from  Jussieu's  Apocynea :"  and  other  similar  labors. 

"We  have,  I  think,  been  led,  by  our  survey  of  the  history  of  Botany, 
to  tiia  point ;— tliat  a  Natural  Method  directs  us  to  the  study  of  Phy- 
siology, as  the  only  means  by  which  we  can  resich  the  object.  This 
conyiction,  which  in  botany  comes  at  the  end  of  &  long  series  of  at- 
tempts at  classification,  offers  itself  at  once  in  the  natural  history  of 
animals,  where  tlie  pbyaiological  signification  of  the  resemblances  and 
differences  is  so  much  more  obvious.  I  shall  not,  therefore,  consider 
any  of  tliese  branches  of  natural  histoiy  in  detail  as  examples  of  mere 
classification.  They  will  come  before  us,  if  at  all,  more  properly  when 
we  consider  the  classifications  which  depend  on  the  functions  of  or- 
gans, and  on  tie  corresponding  modifications  which  they  necessarily 
undergo ;  that  is,  when  we  trace  the  results  of  Physiology.  But  be- 
fore we  proceed  to  sietch  the  history  of  that  part  of  our  Itnowlei^ge, 
there  are  a  few  points  in  the  progress  of  Zoology,  nnderetood  as  a 
mere  classiiicatory  science,  which  appear  to  me  sufficiently  instructive 
to  make  it  woi-th  oar  while  to  dwell  upon  them. 

[2nd  Ed.]  [Mr.  Lindley's  recent  work,  The  Vegetable  Kingdmn 
(1848),  may  be  looked  upon  as  containing  the  best  view  of  tlie  recent 
history  of  Systematic  Botany.  In  the  Introduction  to  this  work,  Mr. 
Lindley  has  given  an  account  of  various  recent  works  on  the  subject ; 
sa  A^axSWs  Classes  PlantaruTn,  (\82&) ',  Perleb's ieAriacA  der  ^atur- 
gesehiehU  der  PJianeenreicli  (1826);  Dumortier's  Flovila  Belgica 
(1827)  ;  Bartling's  Ordines  NattiraUs  Plantarum  (1830)  ;  Hess's 
JTebeTskht  der  PhamerogenUehen  Natwrlichen  Pjlamenfamilien  (1832); 
Schulz'a  JVatw-liches  System  des  P_fianzenreich's  (1832) ;  Horaninow's 
Primce  LineiE  Systematis  Nalwm  (1834);  Fries's  Corpus  Florarani 
provindalmm  Suecim  (1836) ;  Martins's  Conspectus  Regni  Vegetabilis 
seeundum,  Characteres  Morpkoloffieos  {1SS5) ;  Sir  Edward  F.  Brom- 
head's  System,  as  published  in  the  Edinburgh  Journal  and  other 
Journals  (1836—1840);  Endlicher's  Genei-a  Plantarum  secundum  Or' 
dines  Waturales  dispostla,  (1836-1840);  Perleb's  Clavis  Classicum 
Ordiniim  et  Familiarum  (1838)  ;  Adolplie  Brongniart's  .EhmmSratwn 
des  Genres  de  Plantes  (1843) ;  Meisner's  Plantarum  vascularium  Ge- 
nera secundum  Ordines  J^aturales  digesta  (1843)  ;  Horaninow's 
■s  N'atUT(e,  seu  Systema  quinquememhre  omnium  Naturalium 

1,  Tr.  vol.  X.  1  SOB.       "  Mem.  of  Wernenan  N.  K  Sec.  vol.  i.  1S09. 
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(1843) ;  Adrjen  de  Jussieu's  Couers  Elmentaire  d'Histoire  NatureUe : 
Boianique  (1844). 

Mr.  Lindley,  in  this  as  in  all  his  works,  urges  strongly  the  superior 
value  of  natural  as  compared  with  artificial  systems ;  his  principles 
being,  I  think,  nearly  such  as  I  have  attempted  to  establish  in  the 
Philoaophy  of  the  Sciences,  Book  viii,,  Chapter  ii.  He  states  that  the 
leading  idea  which  has  been  kept  in  view  in,  the  compilation  of  his 
work  is  this  maxim  of  Fries :  "  Singula  sphjera  (sectio)  ideam  quandam 
exponit,  indeque  ejus  character  notione  simplici  optime  expriraitur;" 
and  he  is  hence  led  to  think  that  the  true  characters  of  all  natural 
assemblages  are  extremely  simple. 

One  of  the  leading  features  in  Mr.  Liudiey's  system  is  that  he  has 
thrown  tlie  Natural  Orders  into  groups  subordinate  to  tie  liigber  divi- 
sions of  Classes  and  Sub-classes.  He  had  already  attempted  this,  in 
imitation  of  Agardb  and  Bartling,  in  his  Nixus  Plantarum.  (1833). 
The  groups  of  Natural  Orders  were  there  called  JVixtis  (tendencies) ; 
and  tbey  were  denoted  by  names  ending  in  ales  ;  but  these  groups 
were  further  subordinated  to  Cohorts.  Thus  the  first  member  of  tlie 
arrangement  was  Class  1.  Exogen,^.  Sub-class  1.  Poltpetal^. 
Cohort  1.  Albumihos,*.  JVixw  1.  Eanales.  Natural  Orders  in- 
cluded in  this  Mixus,  Eanunculacese,  Saraceniceffl,  Papaveracete,  &c. 
In  the  VegetaMe  Kingdom,  the  groups  of  Natural  Orders  are  termed 
Alliances.  In  this  work,  the  Sub-classes  of  the  Exogbns  are  four :  i. 
Diclinous;  ii.  HrPOGYKOua;  hi.  Pbrioynous;  iv.  EpiovNoua  ;  and 
the  Alliances  are  subordinated  to  these  without  the  intervention  of 
Cohorts. 

Mr.  Lindley  has  also,  in  this  as  in  otber  works,  ^ven  English  names 
for  the  Natural  Orders.  Thus  for  Wymphacem,  Ranuneulacem,  Twma- 
ricacece,  Zygophyllacea,  Eleatrinacea,  he  substitutes  Water-Lilies, 
Crowfoots,  Tamarisks,  Bean-Capers,  and  Water-Peppers ;  for  Malvor 
cete,  Aurantiacea,  Gentianacete,  Primulacea,  ZTrliacea,  ^u^horbiaceiE, 
he  employs  Mallow-worts,  Citron-worts,  Gentian-worts,  Prim-worts, 
Nettle-worts,  Spurge-worts ;  and  the  terms  Orchids,  Hippurids,  Amaryl- 
lids,  Irids,  Typhads,  Arads,  Cucurbits,  are  taken  as  English  equivalents 
for  Orchidacece^  Haloragacew,  Amaryllidacece,  Iridacem,  Typhacea, 
Aracets,  Cucurhitacem.  All  persons  who  wish  success  to  the  study  of 
botany  in  England  must  rejoice  to  see  it  tend  to  assume  tliis  idiomatic 
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CHAPTER  VI, 
The  Puoghess  of  Systematic  Zoology. 

rjIHE  history  of  Systematic  Botany,  as  we  have  presented  it,  may 
J-  be  considered  as  a  sufficient  type  of  the  general  order  of  pro- 
gression in  the  sciences  of  classification.  It  has  appeared,  in  the  sur- 
vey which  we  have  had  to  give,  that  this  science,  no  less  than  those 
which  we  first  considered,  has  been  formed  by  a  series  of  inductive 
processes,  and  has,  in  its  history,  Epochs  at  which,  by  snch  processes, 
decided  advances  were  made.  The  important  step  in  such  caae=  is, 
the  seizing  npon  some  artificial  mart  which  confoiins  to  n  tn  1 
blances ; — some  basis  of  ai'rangement  and  nomenclature  by  m  ns  ot 
which  true  propositions  of  considerable  generality  can  be  euu  at  1 
The  advance  of  other  classificatory  sciences,  as  well  as  botany  nnst 
consist  of  such  steps;  and  their  course,  like  that  of  botany  m  t  (t 
we  attend  only  to  the  real  additions  made  to  knowledge,)  b  s^  1  1 
and  progressive,  fixim  the  earliest  times  to  the  present. 

To  exemplify  this  continued  and  constant  progression  the  ni  le 
range  of  Zoology,  would  require  vast  knowledge  and  gi-eat  laboi ,  and 
is,  perhaps,  the  less  necessary,  after  we  have  dwelt  so  long  on  the  his- 
tory of  Botany,  considered  in  the  same  point  of  view.  But  there  are 
a  few  observations  respecting  Zoology  in  general  which  we  are  led  to 
make  iu  consequence  of  statements  recently  promulgated ;  for  these 
statements  seem  to  represent  the  history  of  Zoology  as  having  followed 
a  courae  very  difi'erent  from  that  which  we  have  just  ascribed  to  the 
classificatory  sciences  in  general.  It  is  held  by  some  naturalists,  that 
not  only  the  formation  of  a  systematdo  classification  in  Zoology  dates 
as  far  back  as  Aristotle ;  but  that  his  classification  is,  in  many  r^pecte, 
superior  to  some  of  the  most  admired  and  recent  attempts  of  modern 
times. 

If  this  were  really  the  ease,  it  would  show  that  at  least  the  idea  of 
a  Systematic  Classification  had  been  formed  and  developed  long  pre- 
vious to  the  period  to  which  we  have  assigned  such  a  step ;  and  it 
would  be  difBcult  to  reconcile  such  an  early  maturity  of  Zoology  with 
the  conviction,  which  we  have  had  iirijtressed  upon  iis  by  the  other 
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parts  of  our  iiistoiy,  that  not  oulj-  labor  Liit  time,  not  only  one  man 
of  genius  but  several,  and  thiMiB  succeeding  each  other,  are  requisite 
to  the  formation  of  any  considerable  science. 

But,  in  reality,  tbe  statementa  to  which  we  refer,  respecting  tlie 
scientific  character  of  Aristotle's  Zoological  systeio,  ai-e  altogethei' 
without  foundation;  and  this  science  confirms  tlie  lessons  taught  ns  by 
all  the  others.  The  misstatements  respecting  Ai-istotle'a  doctrines  are 
on  this  account  so  important,  and  are  so  curious  in  themselves,  that  1 
must  dwell  upon  tliem  a  little, 

Aristotle's  nine  Books  On  Animals  are  a  work  ennmerating  the 
differences  of  animals  in  almost  all  conceivable  respects ; — in  the 
organs  of  sense,  of  motion,  of  nutrition,  the  interior  anatomy,  the 
exterior  covering,  the  manner  of  life,  growth,  generation,  and  many 
other  cii-cmnstances.  These  differences  are  very  philosophically  esti- 
mated. "  The  con-esponding  parts  of  animals,"  he  says,'  "  bisides  the 
differences  of  quality  and  cii-cumstance,  diff'er  in  being  more  or  fewer, 
greater  or  smaller,  and,  speaking  generally,  in  excess  and  defect. 
Thus  some  animals  have  ci'ustaceous  coverings,  others  hai-d  shells ;  some 
have  long  beaks,  some  short;  some  have  many  wings,  some  bavc  few; 
Some  again  have  parts  which  others  want,  as  ci'eate  and  spurs."  He 
then  makes  the  following  impoi-tant  remai'k:  "Some  animals  have 
parts  which  correspond  to  those  of  others,  not  as  being  the  same  in 
species,  nor  by  excess  and  defect,  but  by  analog;  thus  a  claw  is  ana- 
logous to  a  thorn,  and  a  nail  to  a  hoof,  Mid  a  hand  to  the  nipper  of  a 
lobster,  and  a  feather  to  a  scale ;  for  what  a  featber  is  in  a  bird,  tliat 
is  a  scale  in  a  fish." 

It  will  not,  however,  be  necessary,  in  order  to  nndei-stand  Aristotle 
for  our  present  purpose,  that  we  should  discuss  his  notion  of  Analogy, 
He  pTOoeods  to  state  his  object,"  which  is,  aa  we  have  said,  to  describe 
the  differences  of  animals  in  their  structure  and  habits.  He  then 
obsen'es,  that  for  structure,  we  may  take  Man  for  our  type,^  as  being 
best  known  to  ns ;  and  the  remainder  of  the  first  Book  is  occupied 
ivith  a  description  of  man's  body,  beginning  from  the  head,  and  pro- 
ceeding to  the  extremities. 

In  the  next  Book,  (from  which  are  taken  the  principal  passages  in 
which  his  modem  comnientatore  detect  his  system,)  he  proceeds  to 
compare  the  differences  of  pai'ts  in  different  animals,  accorciing  to  the 
order  which  he  had  observed  in  man.      In  the  first  chapter  he  speaks 

'  Lib.  i.  c  i  '  Lib.  i.  c.  ii,  '  c.  iii. 
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of  ttc  head  and  neck  of  animals ;  in  tlio  second,  of  tlio  parts  a 
to  arms  and  hands ;  in  the  third,  of  the  hreast  and  paps,  and  so  on  ; 
and  thus  he  comes,  in  the  seventh  chapter,  to  the  legs,  feet,  and  toes  : 
and  in  the  eleventh,  to  the  teeth,  and  so  to  other  parts. 

The  construction  of  a  classification  consists  in  the  selection  of  cer- 
tain parts,  as  those  which  shall  eminently  and  peculiarly  determine  the 
place  of  each  species  in  our  arrangement.  It  is  clear,  therefore,  that 
such  an  enumeration  of  difierences  as  we  have  descrihed,  snpposing  it 
complete,  contains  the  materials  of  all  possible  classifications.  But  we 
can  with  no  more  propriety  say  that  the  author  of  such  an  enumera- 
tion of  difi'erences  ia  the  anthor  of  any  classification  which  can  be 
made  by  means  of  them,  than  we  can  say  that  a  man  who  writes  down 
the  whole  alphabet  writes  down  the  solution  of  a  given  riddle  or  the 
answer  to  a  particular  question, 

Tet  it  is  on  no  other  gronnd  than  this  enumeration,  so  far  as  I  can 
discover,  that  Aristotle's  "  System"  has  been  so  decidedly  spoken  oii' 
and  exhibited  in  the  most  formal  tabular  shape.  The  anthors  of  this 
Systema  Arisiotelicum,  have  selected,  I  presume,  the  following  pas- 
sages from  the  work  On  Animals,  as  they  might  have  selected  any 
other ;  and  by  arranging  them  according  to  a  snbordination  unknown 
to  Aristotle  himself,  have  made  for  him  a  scheme  which  undoubtedly 
bears  a  great  resemblance  to  the  most  complete  systems  of  modern 
times. 

Boot  I.,  chap.  V, — "  Some  aniroals  are  viviparous,  some  oviparous, 
sorne  vermiparoua.  The  viviparous  are  Bnch  as  man,  and  the  horse, 
and  all  those  animals  which  have  hair  ;  and  of  aquatic  animals,  the 
whale  kind,  as  the  dolphin  and  cartilaginous  fishes," 

Book  n.,  chap.  vii. — "Of  quadrupeds  which  have  blood  and  are 
viviparous,  some  are  (as  to  their  extremities,)  many-cloven,  as  the  hands 
and  feet  of  man.  For  some  are  many-toed,  as  the  lion,  the  dog,  the 
panther ;  some  are  bifid,  and  have  hoofs  instead  of  nails,  as  the  sheep, 
tie  goat,  the  elephant,  the  hippopotamus  ;  and  some  have  undivided 
feet,  as  the  solid-hoofed  animals,  the  horse  and  ass.  The  swine  kind 
share  both  characters." 

Chap,  ii, — "  Animals  have  also  great  differences  in  the  teeth,  both 
when  compared  with  each  other  and  with  man.  For  all  quadrupeds 
which  have  blood  and  are  viviparous,  have  teeth.  And  in  the  first 
place,  some  are  ambidental,'  (having  teeth  in  both  jaws ;)  and  some 


i  TTansadions,  toI.  xvi,  p.  ii.  '  'Afi^ih 
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are  not  so,  wanting  the  front  teeth  in  the  upper  jaw.  Some  have 
neither  front  teeth  nor  horns,  as  the  camel ;  some  have  tusks,"  as  the 
boar,  some  have  not.  Some  have  serrated'  teeth,  as  the  hon,  the  pan- 
tier,  ike  dog;  some  have  the  teeth  unvaried,'  as  the  horse  and  the 
ox ;  for  the  animaJs  which  vary  their  cutting-teeth  have  all  serrated 
teeth.  No  animal  has  both  tusks  and  horns ;  nor  has  any  animal  with 
serrated  teeth  either  of  those  weapons.  The  greater  part  have  the 
front  teeth  cutting,  and  those  within  broad." 

These  passages  undoubtedly  contain  most  of  the  differences  on  which 
the  asserted  Aristotelian  classification  rests ;  but  the  classification  is 
formed  by  using  the  characters  drawn  from  the  teeth,  in  order  to  sub- 
divide those  taken  from  the  feet ;  whereas  in  Aristotle  these  two  seta 
of  characters  stand  side  by  side,  along  with  dozens  of  others ;  any 
selection  of  which,  employed  aecording  to  any  arbitrary  method  of 
subordination,  might  with  equal  justice  be  called  Aristotle's  system. 

Why,  for  instance,  in  order  to  form  subdivisions  of  animals,  should 
we  not  go  on  with  Aristotle's  continuation  of  the  second  of  the  above 
quoted  p^sag^  instead  of  capriciously  leaping  to  thethu-d?  "Of 
these  some  have  horns,  some  have  none  .  .  .  Some  have  a  fetlock- 
joint,'  some  have  none  ...  Of  those  which  have  horns,  some  have 
them  solid  throughout,  as  the  stag ;  others,  for  the  most  part,  hollow 
.  .  .  Some  cast  their  horns,  some  do  not."  If  it  be  replied,  that  we 
cjuld  not,  by  means  of  such  characters,  form  a  tPuable  zoological  sys- 
t*'m  we  again  laL.  by  what  right  we  assume  Anstotle  ti  ha\e  made 
or  atti,mpted  a  'iy^tematic  arrangement  when  iihat  he  hai  written, 
taken  in  its  natnial  order,  does  not  aimit  of  1  emg  onstn  ed  into  a 
system 

Again  what  is  the  object  of  any  classifii,ition  Thi",  at  lea^t,  among 
others.  To  enable  the  person  who  uses  it  to  study  and  deacnbe  more 
conveniently  the  objects  thus  classified,  li,  therefore,  Aristotle  had 
formed  or  adopted  any  system  of  arrangement,  we  should  see  it  in  the 
order  of  the  subjects  in  his  work.  Accordingly,  so  far  as  he  has  a 
system,  he  professes  to  make  this  use  of  it.  At  the  beginning  of  the 
fifth  Book,  where  he  is  proceeding  to  treat  of  the  different  modes  of 
generation  of  animals,  he  says,  "As  we  formerly  made  a  Division  of 
animals  according  to  their  kinds,  we  must  now,  in  the  same  mannei-, 
give  a  general  survey  of  their  History  (Ssupi'av).  Except,  indeed, 
that  in  the  former  case  we  made  our  commencement  by  a  description 
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of  man,  but  in  tiic  present  instance  wc  must  speak  of  liini  last,  baeansu 
lie  requires  most  stady.  Wo  must  begin  tlioa  witli  those  animals 
wMch  hare  sJiells  ;  we  must  go  on  to  tJiose  which  have  softer  covev- 
inga,  as  Crustacea,  soft  animals,  and  insects ;  aft^r  these,  fishes,  both 
viviparous  and  oviparous ;  then  birds ;  then  land  animals,  hotii  vivi- 
parous and  oviparous." 

It  is  clear  from  this  passage  that  Aristotle  had  certain  wide  and 
indefinite  views  of  classification,  which  though  not  very  exact,  ai-c  still 
highly  creditable  to  him ;  but  it  is  eqnally  clear  that  he  was  quite 
unconscious  of  the  classification  that  has  been  ascribed  to  him.  If  he 
had  adopted  that  or  any  other  system,  this  was  precisely  tiie  place  in 
which  he  must  have  referred  to  and  employed  it. 

The  honor  due  to  the  stupendous  accumulation  of  zoological  know- 
ledge which  Aristotle's  woris  contain,  cannot  he  tarnished  by  our 
denying  him  the  credit  of  a  system  which  he  never  dreamt  of,  and 
which,  fiom  the  nature  of  tlie  progress  of  science,  could  not  possibly 
be  constructed  at  tliat  period.  But,  in  i-eality,  wo  may  exchange  the 
mistaken  claims  which  we  have  been  contesting  for  a  better,  because  a 
truer  praise.  Aristotle  does  show,  as  far  as  could  be  done  at  his  time, 
a  perception  of  the  need  of  groups,  and  of  names  of  gi'oups,  in  the 
study  of  the  animal  kingdom;  and  tlms  may  justly  be  held  up  as  the 
great  figure  in  the  Prelude  to  the  Formation  of  Systems  which  took 
place  in  more  advanced  scientific  times. 

This  appears,  in  some  measure,  ft'om  the  passage  last  quoted.  For 
not  only  is  there,  in  that,  a  clear  recognition  of  the  value  and  object 
of  a  method  in  natural  history ;  but  the  general  arrangement  of  the 
animal  kingdom  there  proposed  has  considerable  scientific  merit,  and 
is,  for  the  time,  very  philosophical.  But  there  are  passages  in  his  work 
in  which  he  shows  a  ivish  to  carry  the  principle  of  arrangement  more 
into  detail.  Thus,  in  the  first  Book,  before  proceeding  to  his  survey 
of  the  difi'erences  of  animals,"  after  speaking  of  such  classes  as  Qua- 
drupeds, Birds,  Fishes,  Cetaceous,  Testaceous,  Crustaceous  Animals, 
Mollusks,  Insect"*,  he  says,  (chap,  vii.) 

"Animals  cannot  be  divided  into  latge  genera,  in  which  one  kind 
includes  many  kinds.  For  some  kinds  are  unique,  and  have  no  differ- 
ence of  species,  as  man.  Some  have  such  kinds,  but  have  no  names 
for  them.  Thus  all  quadrupeds  which  have  not  wings,  have  blood. 
But  of  these,  some  are  viviparous,  some  oviparous.    Those  which  are 
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viviparous  have  not  all  hair;  those  which  are  oviparon?.  liave  scales." 
We  have  here  a  manifestly  intentional  suhordiDation  of  characters : 
and  a  kind  of  regret  that  we  have  not  names  for  the  classes  here  indi- 
cated ;  such,  for  instance,  as  viviparous  quadrupeds  having  hair.  But 
he  follows  the  sjibject  into  further  detail.  "  Of  the  class  of  viviparous 
quadrupeds,"  he  continues,  "there  are  many  genera,"  but  these  again 
are  without  names,  escept  specific  names,  such  as  man,  Hon,  staff,  horse, 
dog,  and  the  like.  Yet  there  is  a  genus  of  animals  that  have  names,  as 
the  horse,  the  ass,  the  oreu»,  the  ginnus,  the  innue,  and  the  animal 
which  in  Syria  is  called  hetninui  (mule)  ;  for  these  are  called  mnles,  from 
their  resemblance  only ;  not  being  mules,  for  they  breed  of  their  oHii 
kind.  "Wherefore,"  he  adds,  that  ia,  because  we  do  not  possess  recog- 
nized genera  and  generic  names  of  this  kind, "  we  must  take  the  species 
separately,  and  study  the  nature  of  each." 

These  passages  affoi-d  us  sufBcient  ground  for  placing  Aristotle  at 
the  head  of  those  naturalists  to  whom  the  first  views  of  the  necefisitv 
of  a  zoological  system  are  due.  It  was,  however,  very  long  before  any 
worthy  successor  appeared,  for  no  additional  step  was  made  till  modern 
times.  When  Natural  History  again  came  to  be  studied  in  Nature, 
the  business  of  Clarification,  as  we  have  seen,  forced  itself  upon  men's 
attention,  and  was  pursued  with  interest  in  animals,  as  in  plants.  The 
steps  of  its  advance  were  similar  in  the  two  cases ; — by  successive 
naturahsts,  various  systems  of  artificial  marks  were  selected  with  a  view 
to  precision  and  convenience ; — and  these  artificial  systems  assumed 
the  esistence  of  certain  natural  groups,  and  of  a  natural  system  to 
which  they  gi'adually  tended.  But  there  was  this  difference  between 
botany  and  zoology : — the  reference  to  physiological  principles,  which, 
aa  we  have  remarked,  influenced  the  natural  systems  of  vegetables  in  a 
latent  and  obscure  manner,  botanists  being  guided  by  its  light,  but 
hardly  aware  that  they  were  so,  afi'ected  the  study  of  systematic  zoology 
more  directly  and  evidently.  For  men  can  neither  overlook  the  gene- 
ral physiological  features  of  animals,  nor  avoid  being  swayed  by  them 
in  their  judgments  of  the  afiinities  of  different  species.  Thus  the 
dassifications  of  zoology  tended  more  and  more  to  a  union  with  com- 
p^ratH  c  anatomy,  as  the  science  was  more  and  more  improved."  But 
comparitivo  anatomy  belongs  to  the  subject  of  the  next  Book;  and 
anything  it  may  be  proper  to  say  respecting  its  infl,uence  upon  zoolo- 
gical arrangements,  will  properly  find  a  place  there. 

"  Eiliv.  -'  Cutier,  isf.  d'Anat  Comp.  vol.  i.  p.  IT. 
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It  will  appear,  and  indeed  it  hardly  requires  to  be  proved,  that  those 
steps  in  systematic  zoology  whicli  are  due  to  the  light  thrown  upon 
the  subject  by  physiology,  are  the  result  of  a  long  aeries  of  labors  by 
various  naturalists,  and  have  been,  like  other  advances  in  science,  led 
to  and  produced  by  the  general  progress  of  such  knowledge.  We  can 
hardly  expect  that  the  classiflcatory  sciences  can  nndergo  any  material 
improvement  which  is  not  of  this  kind.  Very  recently,  however,  some 
autLors  have  attempted  to  introduce  into  these  sciences  certain  princi- 
ples which  do  not,  at  first  sight,  appear  as  a  continnation  and  extension 
of  the  previous  researches  of  comparative  anatomists.  I  speak,  in  par- 
ticular, of  the  doctrines  of  a  Circular  Progression  in  the  series  of 
affinity ;  of  a  Quinary/  Divimm  of  such  circular  groups ;  and  of  arelation 
of  Analogy  between  the  members  of  such  gronps,  entirely  distinct  from 
the  relation  oi  Affinity. 

The  doctrine  of  Circular  Progression  has  been  propounded  princi- 
pally by  Mr,  Macleay ;  although,  ^  he  has  shown,"  there  are  sugges- 
tions of  the  same  kind  to  b  f  d  '  ther  writers.  So  iar  as  tiis 
view  negatives  the  dootrin      f  I      ar  progression  in  nature, 

which  would  place  each  gen  t    t   nly  with  the  preceding  and 

succeeding  ones,  and  so  far  t  4  u  s  to  attend  to  more  varied 
and  ramified  resemblances,  tli  a  be  n  doubt  that  it  is  supported 
by  the  result  of  ali  the  attempts  to  f  m  n  tu  al  systems.  Bat  whetJier 
that  assemblage  of  circles  of  arrangement  which  is  now  offered  to 
natoralists,  be  the  true  and  only  way  of  exhibiting  the  natural  relations 
of  organized  bodies,  is  a  much  more  difficult  question,  and  one  which 
I  shall  not  here  attempt  to  examine ;  although  it  will  bo  found,  I  think, 
that  those  analogies  of  science  which  we  have  had  to  study,  would  not 
M  to  throw  some  light  upon  such  an  inquiry.  The  prevalence  of  an 
invariable  numerical  law  in  the  divisions  of  natural  groups,  (as  the 
number  five  is  asserted  to  provaO  by  Mr.  Macleay,  the  number  ten  by 
Fries,  and  other  numbers  by  other  writers),  would  be  a  curious  iact,  if 
established ;  but  it  is  easy  ia  see  that  nothing  short  of  the  most  con- 
summate knowledge  of  natural  history,  joined  with  extreme  clearness 
of  view  and  calmness  of  judgment,  could  enable  any  one  to  pronounce 
on  the  attempts  which  have  been  made  to  establish  such  a  principle. 
But  the  doctrine  of  a  relation  of  Analogy  distinct  from  Affinity,  in  the 
manner  which  has  recently  been  taught,  seems  to  be  obviously  at  vari- 
ance with  that  gradual  approximation  of  the  classiflcatory  to  the  phy- 

"  lAnn.  Trans,  vol.  svi.  p.  9. 
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siological  sciences,  which  has  appeared  to  ua  to  be  the  general  tendency 
of  real  knowledge.  It  seems  difficult  to  understand  how  a  reference  to 
snch  relations  as  those  which  are  offered  as  examples  of  analogy"  can 
be  otherwise  than  a  retrograde  step  in  science. 

"Without,  however,  now  dwelling  upon  these  points,  I  will  treat  a 
little  more  in  detail  of  one  of  the  branches  of  Zoology. 

[2nd  Ed.]  [For  the  more  recent  progress  of  SystematJe  Zoology,  sec 
in  the  Reports  of  the  British  Association,  in  1834,  Mr.  L.  Jenyna'a 
Bep<yrl  on  (he  Mecent  Progress  and  Present  State  of  Zoology,  and  in 
1844,  Mr.  Strickland's  Report  on  the  Meeent  Progress  and  Present 
State  of  Ornithology.  In  tbese  Reports,  the  questions  of  the  Circular 
Arrangement,  the  Quinary  System,  and  the  relation  of  Ana]<^  and 
-  d.] 


CHAPTER  VII. 
The  Progress  of  Ichthyolooi 


IP  it  had  been  already  observed  and  admitted  that  sciences  of  the 
same  bind  follow,  and  must  follow,  the  same  course  in  tKe  order  of 
their  development,  it  would  be  unnecessary  to  give  a  history  of  any 
special  branch  of  Systematic  Zoology;  since  botany  has  already 
afforded  us  a  sufficient  example  of  tlie  progress  of  the  classiflcatory 
sciences.  But  wo  may  be  excused  for  introducing  a  sketch  of  the 
advance  of  one  department  of  zoology,  since  we  are  led  to  the  attempt 
by  the  peculiar  advantage  we  possess  in  having  a  complete  history  of 
the  subject  written  with  great  care,  and  brought  up  to  the  present 
time,  by  a  naturalist  of  unequalled  1«lents  and  knowledge.  I  speak  of 
Cuvier's  Historical  View  of  Ichthyology,  which  forms  the  first  chapter 
of  his  great  work  on  that  part  of  natural  history.  The  pla«e  and 
office  in  the  progress  of  this  science,  which  is  assigned  to  each  person 
by  Cnvier,  will  probably  not  be  lightly  contested.  It  will,  therefore, 
be  no  small  confirmation  of  the  jnstice  of  the  views  on  which  the 


"  For  example,  tiia  goatsucker  has  an  a0mly  with  ihe  awallow ;  but  it  has 
,Q  analogy  witli  the  hat,  because  loth  fly  at  tlie  same  Lour  of  the  dny.  nod  feed 
II  tlie  same  manner. — Swamson,  Geography  and  Classification  of  Animals, 
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distribution  of  the  events  in  the  iiistory  of  botany  was  founded,  if 
Cuvier's  representation  of  the  histoiy  of  ichthyology  offers  to  us  obvi- 
ously a  distribution  almost  identical. 

We  shall  find  that  this  is  so; — that  we  have,  in  zoology  as  in 
botany,  a  period  of  nnsystematic  knowledge;  a  period  of  misapplied 
erudition ;  an  epoch  of  the  discovery  of  fixed  characters ;  a  period  in 
which  many  systems  were  put  forward ;  a  struggle  of  an  artificial  and 
a  natural  method ;  and  a  gradual  tendency  of  the  natural  method  to  a 
manifestly  physiological  character.  A  few  references  to  Cuviei-'s  his- 
toiy will  enable  us  to  illustrate  these  and  other  analogies. 

Period  of  Unsystematic  Knowledge. — It  would  be  easy  to  collect  a 
number  of  the  fabulous  stories  of  early  times,  which  formed  a  portion 
of  the  imaginary  knowledge  of  men  concerning  animals  as  well  as 
plants.  But  passing  over  these,  wc  come  to  a  long  period  and  a  great 
collection  of  writers,  who,  in  various  ways,  and  with  various  degrees 
of  merit,  contributed  to  augment  the  knowledge  which  existed  con- 
cerning fish,  while  as  yet  there  was  hardly  ever  any  attempt  at  a  clas- 
sification of  that  province  of  the  animal  kingdom.  Among  these 
writers,  Aristotle  is  by  far  the  most  important.  Indeed  he  carried  on 
his  zoological  researches  under  advantages  which  rarely  fall  to  the  lot 
of  the  naturalist ;  if  it  be  true,  as  Athenjeua  and  Pliny  state,'  that 
Alexander  gave  him  sums  which  amounted  to  nine  hundred  talents, 
to  enable  him  to  coOect  materials  for  his  history  of  animals,  and  put 
at  his  disposal  several  thousands  of  men  to  be  employed  in  hunting, 
fishing,  and  procuring  information  for  him.  The  works  of  bis  on 
N^atural  History  which  remain  to  us  are,  nine  Books  Of  the  History 
of  Animals  ;  four.  On  the  Parts  of  Animals  ^  five.  On,  the  Generation 
of  Animals;  one.  On  the  Going  of  Animals;  one.  Of  the  Sensations, 
and  the  Organs  of  them ;  one.  Ore  Sleeping  and  Wakimg ;  one.  On 
the  Motion  of  Animals  ;  one,  On  the  Length  and  Shortness  of  Life  ; 
one.  On  Youth  and  Old  Age ;  one.  On  Life  and  Death  ;  one.  On 
Sespiration.  The  knowledge  of  the  external  and  internal  conforma- 
tion of  animals,  their  habits,  instincts,  and  uses,  which  Aristotle  dis- 
plays in  these  works,  is  spoken  of  as  something  wonderful  even  to 
the  naturalists  of  our  own  time.  And  he  may  be  taken  as  a  sufiicient 
representative  of  the  whole  of  the  period  of  which  we  speak  ;  for  he 
is,  says  Cuvier,'  not  only  the  first,  But  the  only  one  of  the  ancients 
who  has  treated  of  the  natural  history  of  fishes  (the  province  to  which 

'  Cut.  Hid.  Nat.  des  Pohsons,  i,  13.  ''  Cuv.  p.  18, 
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we  now  confine  ourselves,)  in  a  scientific  point  of  view,  and  in  a  way 
which  shows  genius. 

We  may  pass  over,  therefore,  the  other  ancient  anthors  from  whose 
writings  Cuvier,  with  great  learning  and  sagacity,  has  levied  contii- 
butions  to  the  histoiy  of  ichthyology ;  as  Thcophrastue,  Ovid,  Pliny, 
Oppian,  Athensens,  jElian,  Ausoniua,  Galen.  "We  may,  too,  leave 
unnoticed  the  compiler  of  the  middle  ages,  who  did  little  but  abstract 
and  disfigure  the  portions  of  natural  bistoiy  which  they  found  in  the 
ancients.  Ichthyologieal,  lite  other  knowledge,  was  scarcely  sought 
except  in  books,  and  on  that  very  account  was  not  nnderstood  when  it 
was  found. 

Perkd  of  Erudition. — Better  times  at  length  came,  and  men  began 
to  ol«erve  nature  for  themselves.  The  three  great  authors  who  are 
held  to  be  the  founders  of  modem  icbthyolc^,  appeared  in  the  mid- 
dle of  the  sixteenth  century ;  these  were  B61on,  Rondelet,  and  Salvi- 
ani,  who  all  published  about  1555.  Ail  the  three,  very  diflerent  from 
the  compilers  who  filled  the  interval  from  Aristotle  to  them,  themselves 
saw  and  examined  the  fishes  which  they  describe,  and  have  given  faith- 
M  representations  of  them.  But,  resembling  in  that  respect  the 
founders  of  modem  botany,  Brassavola,  Euelhua,  Tragus,  and  others, 
they  resembled  them  in  this  also,  that  they  attempted  to  make  their 
own  observatJons  a  commentary  upon  the  ancient  writers.  Faithful 
to  the  spirit  of  their  time,  they  are  i&r  more  careful  to  make  out  the 
names  which  each  fish  bore  in  the  ancient  world,  and  to  bring  together 
scraps  of  their  history  from  the  authors  in  whom  these  names  occur, 
than  to  describe  them  in  a  lucid  manner ;  so  that  without  their  figures, 
says  Cuvier,  it  would  be  almost  as  difficult  to  discover  their  species  as 
those  of  the  ancients. 

The  difficulty  of  describing  and  naming  species  so  that  they  can  be 
recognized,  is  little  appreciated  at  firet,  although  it  i%  m  reality  the 
maiu-spring  of  the  progi'ess  of  the  sciences  of  clafesification  Aristotle 
never  dreamt  that  the  noraeuclature  which  was  m  use  in  his  time 
could  ever  become  obscure;'  hence  he  has  taken  no  precaution  to 
enable  his  readers  to  recognize  the  species  of  which  he  speal-s  an! 
in  him  and  in  other  ancient  authors,  it  requires  muuh  labor  and  greit 
felicity  of  divination  to  determine  what  the  names  mean  The  per 
ception  of  this  difficulty  among  modem  nitaialiits  led  to  sjatemi  ani 
e  founded  upon  system ,  but  tbeae  did  not  come  into 


d  by  Google 


422  HISTORY   OF  ZOOLOGY. 

being  immediately  at  the  time  of  ivhicli  we  speak ;  nor  till  tlie  evil 
tad  grown  to  a  more  inconvenient  magnitade. 

Period  of  Accumulation  of  Materials,  Exotic  Collections. — The 
fishes  of  Europe  were  for  some  time  the  principal  objects  of  study; 
but  tlwrae  of  distant  regions  soon  came  into  Eotice.'  In  the  seven- 
teenth century  the  Dntch  conquered  Brazil,  and  Geoi^e  Margrave, 
employed  by  them,  described  tlie  natural  productions  of  the  country, 
and  especially  the  fishes.  Boutins,  in  like  manner,  described  some  of 
those  of  Batavia.  Thus  these  writers  correspond  to  Rumphius  and 
Eheede  in  the  history  of  botany.  Many  others  might  he  mentioned  ; 
but  we  must  hasten  to  the  formation  of  systems,  which  is  our  main 
object  of  attention. 

Epoch  of  the  Fixation  of  Characters.  Bap  and  WillouffhhT/. — In 
botany,  as  we  have  seen,  thougt  Kay  was  one  of  the  first  who  invented 
a  connected  system,  he  was  preceded  at  a  considerable  inteiTal  by 
Cjesalpinus,  who  had  given  a  genuine  solution  of  the  same  problem. 
It  is  not  difiicult  to  assign  reasons  why  a  sound  classification  should  bo 
discovered  for  plants  at  an  earlier  period  than  for  fishes.  The  vastly 
greater  number  of  the  known  species,  and  the  &cilities  which  belong 
to  the  study  of  vegetables,  give  the  botanist  a  great  advantage ;  and 
tliore  are  numerical  relations  of  a  most  definite  kind  (for  instance,  the 
number  of  parts  of  the  seed-vessel  employed  by  Ciessdpinns  as  ono  of 
the  bases  of  Lis  system),  which  are  tolerably  obvious  in  plants,  but 
which  are  not  easily  discovered  in  animals.  And  thus  we  find  that  in 
ichthyology,  Eay,  with  his  pupil  and  friend  Willoughby,  appeal's  as 
the  first  founder  of  a  tenable  system.' 

The  first  great  division  in  this  system  is  into  cartilagtaous  and  bony 
fishes ;  a  primary  division,  which  had  been  recognized  by  Aristotle, 
and  is  retained  by  Cuvier  in  his  latest  labors.  The  subdivisions  are 
determined  by  the  general  form  of  the  fish  (as  long  or  flat),  by  the 
teeth,  the  presence  or  absence  of  ventral  fins,  tlie  number  of  dorsal 
fins,  and  the  nature  of  the  spines  of  the  fins,  as  soft  or  prickly.  Most 
of  these  eharactere  have  preserved  their  importance  in  later  systems ; 
especially  the  last,  which,  under  the  terms  w 
thopterygian,  holds  a  place  in  the  best  recent  a 


"  FranciBci  Willouglilien,  Armigepi,  de  Msloria  Piwium,  libci  iv.  jussu 
Buraptibus  Sooiettttia  Eegise  Lonainensis  editi,  &e.  Totura  opus  recognov 
ooaptavit,  supplevit,  librvlin  ctiam  prinima  et  secundiun  adjceit  Joli.  Knii 
Oxford,  1 668. 
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That  this  system  was  a  true  &'st  approximation  to  a  solution  of  the 
problem,  appears  to  be  allowed  by  naturalists.  Although,  says  Cuvier," 
there  are  in  it  no  genera  well  defined  and  well  limited,  still  in  many 
places  the  species  are  brought  together  very  naturally,  and  in  such 
a  way  that  a  few  words  of  explanation  would  suffice  to  form,  from  the 
groups  thus  presented  to  ns,  several  of  the  genera  which  have  since 
been  reoeived.  Even  in  botany,  aa  we  have  seen,  genera  were  hardly 
maintained  with  any  degree  of  precision,  till  the  binary  nomenclature 
of  Linnseus  made  this  division  a  matter  of  such  immense  convenience. 

The  amount  of  this  convenience,  the  value  of  a  brief  and  sure 
nomenclature,  had  not  yet  been  duly  estimated.  The  wort  of  Wil- 
loughby  forms  an  epoch,'  and  a  happy  epoch,  in  the  history  of  ichthy- 
ology ;  for  the  science,  once  systematized,  could  distinguish  the  new 
from  the  old,  arrange  methodically,  describe  clearly.  Yet,  because 
Willoughby  had  no  nomenclature  of  his  own,  and  no  fixed  names  for 
his  genera,  his  immediate  influence  was  not  great.  I  will  not  attempt 
to  trace  this  influence  in  succeeding  anthora,  bnt  proceed  to  the  next 
important  step  in  the  progress  of  system. 

Improvement  of  the  Si/stem.  Artedi. — Peter  Artedi  was  a  countrj'- 
man  and  intimate  friend  of  Linnsens;  and  rendered  to  ichthyology 
nearly  the  same  services  which  Linn^us  rendered  to  botany.  In  his 
Philosophia  Jchthyologica,  te  analysed'  all  the  interior  and  exterior 
parts  of  animals ;  he  created  a  precise  terminology  for  the  different 
forms  of  which  these  parts  are  susceptible ;  he  laid  down  rules  for 
the  nomenclature  of  genera  and  species ;  besides  his  improvements  of 
the  snbdivisions  of  the  class.  It  is  impossible  not  to  be  struck  with 
the  close  resemblance  between  these  steps,  and  those  which  are  due  to 
the  Fwndamenia  Botanica.  The  latter  work  appeared  in  1736,  the 
former  was  published  by  Linnfeus,  after  the  death  of  the  author,  in 
1738  ;  bnt  Linnasua  had  already,  as  early  as  1735,  made  use  of  Arte- 
di's  manuscripts  in  the  ichthyological  part  of  his  Systema  Naturte. 
We  cannot  doubt  that  the  two  young  naturalists  (they  were  nearly  of 
the  same  age),  must  have  had  a  great  influence  npon  each  other's  views 
and  labors;  and  it  would  be  difficult  now  to  asceitain  what  portion  of 
the  peculiar  merits  of  the  Linnfean  reform  was  derived  from  Artedi. 
But  we  may  remark  that,  in  ichthyology  at  least,  Artedi  appears  to 
have  been  anaturalist  of  more  original  views  and  profonnder  philosophy 
than  his  friend  and  editor,  who  afterwards  himself  toot  np  the  subject. 

'  Cuvier,  p.  57,  '  p.  58.  "  p.  20, 
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The  reforms  of  Linnajus,  in  all  parts  of  natural  history,  appear  as  if 
they  were  mainly  dictated  hy  a  love  of  elegance,  symmetry,  clearness, 
and  definiteneas ;  but  the  improvement  of  the  ichthyological  system 
by  Artedi  seems  to  have  been  a  step  in  the  progress  to  a  natural 
airangeraent.  His  genera,'  which  are  forty-flve  in  number,  are  so  well 
constituted,  that  they  have  almost  all  been  preserved ;  and  the  sub- 
divisions which  tie  constantly-increasing  number  of  species  has  com- 
pelled his  successors  to  inti'oduce,  have  very  rarely  been  such  that 
they  have  led  to  the  transposition  of  his  genera. 

In  its  bases,  however,  Artedi's  was  an  artificial  system.  His  charac- 
ter were  positive  and  decisive,  founded  in  general  upon  the  number 
of  rays  of  the  membrane  of  tJie  gills,  of  which  he  was  the  first  to 
mart  the  importance ; — upon  the  relative  position  of  the  fins,  upon 
their  number,  upon  the  part  of  the  mouth  where  the  teeth  are  found, 
upon  the  conformation  of  the  scales.  Tet^  in  some  cases,  he  has 
recourse  to  the  interior  anatomy. 

Linnteus  himself  at  first  did  not  venture  to  deviate  from  the  footsteps 
of  a  friend,  who,  in  this  science,  had  been  his  master,  Butinl7S8,  in 
the  tenth  edition  of  the  Systema  S'alurce,  he  chose  to  depend  upon 
himself,  and  devised  a  new  ichthyological  method.  He  divided  some 
genera,  united  others,  gave  to  the  species  trivial  names  and  character- 
istic phrases,  and  added  many  species  to  those  of  Artedi.  Tet  his 
innovations  are  for  the  most  part  disapproved  of  by  Cuvier  |  as  hia 
transferring  the  chondropterygian  fishes  of  Art  d  t  th  1  ts  f  p 
tiles,  under  the  title  of  Amphyhia  nantes ;  a  d  h  ]  t  th 
distinction  of  acanthopterygian  and  malacopte  y^  n  ■nh  h  as 
have  seen,  had  prevailed  fi-om  the  time  of  Willou^hbj  and  nt  lu  g 
in  its  stead  a  distribution  founded  on  the  pres  n  ab    n        f  the 

ventral  fins,  and  on  their  situation  with  rega  d  to  th    ]     tf  il  fin 
"  Nothing,"  says  Cuvier,  "  more  breaks  the  tm       nn  x    n      t  g  n 
than  these  orders  of  (y«)rfes,y«^M?are«,  (Aoracie!  andafi^w        J 

Thus  Liniifeus,  though  acknowledging  the  valu  a  d  np  t  n  f 
natnral  ordei's,  was  not  happy  in  his  attempts  t  t      t  a  sy  ten 

which  should  lead  to  them.  In  his  detection  ol  g  jd  ha  t  rs  f  an 
artificial  system  he  was  more  fortunate.  He  wa.  alw  y  ttent  e  t 
number,  as  a  character;  and  he  had  the  very  great  merit"  of  introdii- 
eing  into  the  classification  the  number  of  rays  of  the  fins  of  each  ^ecies. 
This  mark  is  one  of  great  iniportfuiee  and  use.     And  this,  as  well  as 

'  Cuvier,  p.  11,  "  p.  Ti 
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other  branches  of  natural  history,  derived  incalculahlo  advantages  from 
the  more  general  merits  of  the  illustrious  Swede ;" — ^the  precision  of 
the  characters,  the  convenience  of  a  well-settled  terminology,  the  facility 
afforded  by  the  binary  nomenclature.  These  recommendations  gave  him 
a  pre-eminence  which  was  acknowledged  by  almost  all  the  naturalists 
of  his  time,  and  displayed  by  the  almost  univereal  adoption  of  his 
nomenclature,  in  zoology,  as  well  as  in  botany ;  and  by  the  almost 
exclusive  employment  of  his  distributions  of  classes,  however  imperfect 
and  artificial  they  might  be. 

And  even  "  if  Linn^us  had  had  no  other  merit  than  the  impulse  he 
gave  to  the  pursuit  of  natural  science,  this  alone  would  suffice  to 
immortalize  his  name.  In  rendering  natural  history  easy,  or  at  least 
in  making  it  appear  so,  he  diffused  a  general  taste  for  it.  The  great 
took  it  up  with  interest;  the  young,  full  of  ardor,  rushed  forwards-  in 
all  directions,  with  the  sole  intention  of  completing  bis  system.  The 
civilized  world  was  eager  to  build  the  edifice  which  Linnreus  had  plan- 
ned. 

This  spirit,  among  other  resulte,  produced  voyages  of  natnral  histori- 
cal research,  sent  forth  by  nations  and  sovereigns.  George  the  Third 
of  England  had  the  honor  of  setting  the  example  in  this  noble  career, 
by  sending  out  the  expeditions  of  Byron,  Wallis,  and  Carteret,  in  1765. 
These  were  followed  by  those  of  Bongmnville,  Cook,  Forster,  and  others. 
Russia  also  scattered  several  scientific  expeditions  through  her  vast 
dominions  ;  and  pupils  of  Linnaaus  sought  the  icy  shores  of  Greenland 
and  Iceland,  in  order  to  apply  his  nomenclature  to  the  productions  of 
those  climes.  But  we  need  not  attempt  to  convey  any  idea  of  the 
vast  stores  of  natural  historical  treasures  which  were  thus  collected 
irom  every  part  of  the  globe. 

I  shall  not  endeavor  to  follow  Cuvier  in  giving  an  account  of  the 
great  worts  of  natural  history  to  which  this  accumulution  of  materials 
gave  rise ;  such  as  the  magnificent  work  of  Bloch  on  Fishes,  which 
appeared  in  1782 — 1785 ;  nor  need  I  attempt,  by  his  assistance,  to 
characterize  or  place  in  their  due  position  the  several  systems  of  classi- 
fication proposed  abont  this  time.  Bat  in  the  course  of  these  various 
essays,  the  distinction  of  the  artificial  and  natural  methods  of  classifica^ 
tion  came  more  clearly  into  view  than  before ;  and  this  is  a  point  so 
important  to  the  philosophy  of  the  subject,  that  we  mast  devote  a  few 
words  to  it. 

"  Cuvier,  p.  86.  ■"  lb.  p.  88- 
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Separation  of  the  Artijieial  and  Natural  Methods  in  Ichthyology. — 
It  has  already  been  said  that  all  so-called  artificial  methods  of  classifi- 
cation must  he  natural,  at  least  as  to  tie  narrowest  members  of  the 
system;  thus  the  arldficial  Linntean  method  is  natural  as  to  species, 
and  even  as  to  genera.  And  on  the  other  hand,  all  proposed  natural 
methods,  so  long  as  tJiey  remain  unmodified,  are  artificial  as  to  their 
characteristic  marts.  Thus  a  Natural  Method  is  an  attempt  to  pro- 
vide positive  and  distinct  characters  for  the  wider  as  well  as  for  the 
narrower  natural  groups.  These  considerations  are  applicable  to 
zoology  as  well  as  to  botany.  But  the  question,  how  we  know  natu- 
ral groups  before  we  find  marks  for  them,  was,  in  botany,  as  we  liave 
seen,  susceptible  only  of  vague  and  obscure  answers  : — the  mind  forms 
them,  it  was  said,  by  taking  the  aggi'egate  of  all  the  characters;  or 
by  establishing  a  subordination  of  characters.  And  each  of  these 
answers  had  its  difBcn!ty,  of  which  the  solution  appeared  to  be,  tbai 
in  attempting  to  form  natural  orders  we  are  really  guided  by  a  latent 
undeveloped  estimate  of  physiological  relations.  Now  this  principle, 
which  was  so  dimly  seen  in  the  study  of  vegetables,  shines  out  with  much 
greater  clearness  when  we  come  to  the  study  of  animals,  in  which  the 
physiological  relations  of  the  parts  ate  so  manifest  that  they  cannot 
be  overlooked,  and  have  so  strong  an  attraction  for  our  curiosity  that 
we  cannot  help  having  our  judgments  influenced  by  them.  Hence  the 
superiority  of  natural  systems  in  zoology  would  probably  be  far  more 
generally  allowed  than  in  botany;  and  no  arrangement  of  animals 
which,  in  a  latge  number  of  instances,  violated  strong  and  clear  Eatu- 
ral  affinities,  would  be  tolerated  because  it  answered  the  purpose  of 
enabling  us  easily  to  find  the  name  and  place  of  the  animal  in  the 
artificial  system.  Every  system  of  zoological  arrangement  may  be 
supposed  to  aspire  to  be  a  natural  system.  But  according  to  the 
various  habits  of  the  minds  of  sptematizers,  this  object  was  pursued 
more  or  less  steadily  and  successfully;  and  these  differences  came 
more  and  more  into  view  with  the  increase  of  knowledge  and  the  mul- 
tiplication of  attempts. 

Blocli,  whose  icbtbyological  labois  have  been  mentioned,  followed 
in  his  great  work  the  method  of  Linnaens.  But  towards  the  end  of 
his  life  he  had  prepared  a  general  system,  founded  upon  one  single 
numerical  principle; — tJie  number  of  fins;  just  as  the  sexual  system 
of  LinniBus  is  founded  upon  the  number  of  stamina ;  and  he  made  his 
Bubdiviaions  according  to  the  position  of  the  ventral  and  pectoral  fins ; 
the  same  character  which  Linnseus  had  employed  for  his  primary 
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division.  He  could  not  have  done  bettor,  says  Cavier,"  if  liis  object 
liad  been  to  turn  into  ridicule  all  artificial  methods,  and  to  show  to 
what  absurd  combiDations  they  may  )ead. 

Cuvier  himself  who  always  pursued  natural  systems  with  a  singularly 
wise  and  spacious  consistency,  attempted  to  improve  the  ichthyolo- 
^cal  arrangements  which  had  been  proposed  before  him.  In  his 
Begne  Animal,  published  in  181'?,  he  attempts  the  problem  of  arranging 
this  class ;  and  the  views  suggested  to  him,  both  by  his  Eueeesses  and 
his  feilures,  are  so  instructive  and  philosophical,  tliat  I  cannot  illus- 
trate the  subject  better  than  by  citing  some  of  them. 

"  The  class  of  fishes,"  he  says,"  "  is,  of  all,  that  which  ofiers  the 
greatest  difficulties,  when  we  wish  to  subdivide  it  into  orders,  accord- 
ing to  fixed  and  obiious  chaiai'ters.  After  many  trials,  I  have  deter- 
mined on  the  following  distiibution,  which  in  some  instances  is  wanting 
in  precision,  bnt  which  possesses  the  advantage  of  keeping  the  natural 
families  entire. 

"  Fish  form  two  distinct  senes ; — that  of  chondroptm/ffiam  or  carti- 
la^nousjish,  and  that  of^sA  properly  so  called. 

"  The  Jirsf  of  these  series  has  for  its  character,  that  the  palatine 
bones  replace,  in  it,  the  bonea  of  the  npper  jaw :  moreover  the  whole 
of  its  structure  has  evident  analogies,  which  we  shall  explain. 
"  It  divides  itself  into  three  oedeks  : 

"The  Cyclostomes,  in  which  the  jaws  are  soldered  (sotidies)  into 
an  immovable  ring,  and  the  bronehise  are  open  in  numerons  holes. 

"  The  Sblacians,  which  have  the  bronchife  hke  the  preceding,  hut 
not  the  jaws. 

"The  Stubonians,  in  which  the  bronehise  are  open  as  usual  by  a 
slit  furnished  with  an  operculum. 

"  The  second  series,  or  that  of  ordinary  fishes,  ofibrs  me,  in  the  first 
place,  a  primaiy  division,  into  those  of  which  the  maxillary  bone  and 
the  palatine  arch  are  dovetailed  (engrenis)  to  the  skull.  Of  these  I 
make  an  order  of  Pectoghaths,  divided  into  two  famifies ;  the  gymno- 
donts  and  the  scleroderms. 

"  Aiter  these  I  have  the  fishes  with  complete  jaws,  but  with  bron- 
chiffl  which,  instead  of  having  the  form  of  combs,  as  in  all  the  others, 
have  the  form  of  a  series  of  little  tufts  {liouppes).  Of  these  I  again 
form  an  order,  which  I  call  Lopho branch s,  which  only  includes  one 
femiiy. 


'  p.  108.  "  Rigne  Animal,  vol.  ii.  p.  110. 


d  by  Google 


428  niSTOBY  OF  ZOOLOGY. 

"  There  tliea  remains  an  innumerable  quantity  of  fishes,  to  which 
we  can  no  longer  apply  any  characters  except  those  of  the  exterior 
organs  of  motion.  After  long  examination,  I  have  found  ihat  the 
least  bad  of  these  characters  is,  after  all,  that  employed  by  Ray  and 
Artedi,  talten  from  the  nature  of  the  first  rays  of  the  dorsal  and  of  the 
anal  fin,  Thns  ordinary  fishes  are  divided  into  Malacoptbry&ianb, 
of  which  all  tJie  i^ays  are  soft,  except  sometimes  the  first  of  the  dorsal 
fin  or  the  pectorals ; — and  Acakthoptekychanb,  wliicL  have  always 
the  first  portion  of  the  dorsal,  or  of  the  first  dorsal  when  there  are 
two,  sapported  by  spinous  rays,  and  in  which  the  ana!  has  also  some 
such  rays,  and  the  ventrals,  at  least,  each  one. 

"The  former  may  be  subdivided  without  inconvenience,  according 
to  their  ventral  fins,  which  are  sometime  situate  behind  the  abdomen, 
sometimes  adherent  to  the  apparatus  of  the  shoulder,  or,  finally,  are 
sometimes  wanting  altogether. 

"We  thus  arrive  at  the  three  orders  of  Abdominal  JIalacopihrt- 
GiAKS,  of  SuBBEAceiANs,  and  of  Abodes  ;  each  of  which  includes 
some  natural  families  which  we  shall  explain:  tJie  first,  especially,  is 

"But  this  basis  of  division  is  absolutely  impracticable  with  the 
Acanthopterygians ;  and  the  problem  of  ratablishing  among  these  any 
other  subdivision  than  that  of  the  natural  {amJliea  has  hitherto 
remained  for  me  insoluble.  Fortunately  several  of  these  families  offer 
characters  almost  as  precise  as  those  which  we  oould  give  to  true  orders. 

"In  truth,  we  cannot  assign  to  the  fiimilies  of  fishes,  ranks  as 
marted,  as  for  example,  to  those  of  maminifers.  Thus  the  Chondro- 
pterygians  on  the  one  hand  hold  to  reptiles  by  the  oigans  of  the  senses, 
and  by  those  of  generation  in  some ;  and  they  are  related  to  mollusks 
and  worms  by  the  imperfection  of  the  skeleton  in  othera. 

"As  to  Ordinary  i'ishes,  if  any  part  of  the  oi^anization  is  found 
more  developed  in  some  tlian  in  others,  there  does  not  result  from  this 
any  pre-eminence  sufiiciently  marked,  or  of  sufficient  infiuenee  upon  their 
whole  system,  to  oblige  us  to  consult  it  in  the  methodical  arrangement. 

"We  shall  place  them,  therefore,  nearly  jn  the  oi-der  in  which  we 
have  just  explained  their  characters." 

I  have  extracted  the  whole  of  this  passage,  because,  though  it  is  too 
technical  to  he  understood  in  detail  by  the  general  reader,  those  who 
have  followed  with  any  interest  tlie  history  of  the  attempts  at  a  natu- 
ral classification  in  any  department  in  nature,  will  see  here  a  fine 
example  of  the  problems  which  such  attempts  propose,  of  the  diffioul- 
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ties  which  it  may  present,  and  of  tlie  reasonings,  labora,  cautions,  and 
varied  resources,  by  means  of  which  its  solution  is  sought,  when  a 
great  philosophical  naturalist  girds  himself  to  the  task.  We  see  here, 
most  instniotively,  how  different  the  endeavor  to  frame  such  a  natural 
system,  is  from  the  procedure  of  an  artificial  system,  which  carries 
imperatively  through  the  whole  of  a  class  of  organized  beings,  a  sys- 
tem of  marks  either  arbitrary,  or  conformable  to  natural  affinities  in  a 
partial  degree.  And  we  have  not  often  the  advantage  of  having  the 
reasons  for  a  systematic  arrangement  so  clearly  and  folly  indicated,  as 
is  done  here,  and  in  the  descriptions  of  the  separate  orders. 

This  arrangement  Cuvier  adhered  to  in  all  its  main  points,  both  in 
the  second  edition  of  the  Biffne  Animal,  published  in  1821,  and  in  his 
Histoire  NaturdU  des  Poissons,  of  which  the  firstvolumewas  published 
in  1828,  but  which  unfortunately  was  not  completed  at  tlie  time  of  his 
death.  It  may  be  supposed,  therefore,  to  be  in  accordance  with  those 
views  of  zoological  philosophy,  which  it  was  the  business  of  his  life  to 
form  and  to  apply;  and  in  a  work  like  the  present,  where,  upon  so 
large  a  question  of  natural  history,  we  must  be  directed  in  a  great 
measure  by  the  analogy  of  the  history  of  science,  and  by  the  judgments 
which  seem  most  to  have  the  character  of  wisdom,  we  appear  to  be 
justified  in  taking  Cuviev's  ichthyological  system  as  the  nearest 
approach  which  has  yet  been  made  to  a  natural  method  in  that  depart- 

The  true  natural  method  is  only  one:  arfiiicia]  methods,  and  even 
good  ones,  there  may  be  many,  as  we  have  seen  in  botany ;  and  each 
of  these  may  have  its  advantages  for  some  particular  use.  On  some 
methods  of  th  s  kind  on  which  naturalists  themselves  have  hardly  yet 
had  time  to  form  a  stable  and  distinct  opinion,  it  is  not  our  office  to 
decide  But  judgmg  as  I  have  already  said,  from  the  general  analo- 
gy of  the  natural  sciences  I  find  it  difficult  to  conceive  that  the  ich- 
thyological methoJ  ot  M  \gassiz,  recently  propounded  with  an  espe- 
cial reference  to  fossil  fishes,  can  be  otherwise  than  an  artificial  method. 
It  is  founded  entirely  on  one  part  of  the  animal,  its  scaly  covering,  and 
even  on  a  single  scale.  It  does  not  conform  to  that  which  almost  all 
systematic  ichthyologists  hitherto  have  considered  as  a  permanent 
natural  distinction  of  ah  c,h  irder ,  the  distinction  of  bony  and  ciitila 
ginous  fishes,  for  it  i«  stated  that  each  orier  contains  e 
both."      I  do  not  know  what  a  ncial  tnatninictl  ( 
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trnths  it  biiiigs  into  view ;  but  they  ouglit  to  bo  very  important  and 
striking  ones,  to  entitle  them  to  supersede  those  which  led  Cuvjer  to 
Hs  system.  To  this  I  may  add,  that  the  new  iclithyological  classification 
does  not  seem  to  form,  aa  we  should  expect  that  any  great  advanoc 
towards  a  natural  system  would  form,  a  connected  sequel  to  the  past 
history  of  ichthyology ; — a  step  to  which  anterior  discoveries  and  im- 
provements have  led,  and  in  which  they  are  retained. 

But  notwithstanding  these  considerations,  the  method  of  M.  Agassi/, 
has  probably  very  gi-eat  advant^es  for  his  purpose ;  for  ia  the  ease  of 
fossil  fish,  the  parts  which  are  the  basis  of  his  system  often  remain, 
when  even  the  skeleton  is  gone.  And  wo  may  here  again  refer  to  a 
principle  of  the  classiflcatory  sciences  which  we  cannot  make  too  pro- 
minent ; — all  arrangements  and  nomenclatures  are  good,  which  enable 
us  to  assert  general  propoations.  Tried  by  this  test,  wo  cannot  fail  to 
set  a  high  value  on  the  arrangement  of  M.  Agassiz ;  for  propositions  of 
the  most  striking  generality  respecting  fossil  remains  of  fish,  of  which 
geologists  before  had  never  dreamt,  are  enunciated  by  means  of  his 
groups  and  names.  Thus  only  the  two  first  ordera,  the  Phcotdiam 
and  Ganffidians,  existed  before  the  commencement  of  the  cretaceous 
formation :  the  third  and  fourth  orders,  the  CkncHdians  and  Cyclo\- 
dians,  which  contain  three-fourths  of  the  eight  thousand  known  spe- 
cies of  living  Fishes,  appear  for  the  first  time  in  the  cretaceous  forma- 
tion ;  and  other  geological  relations  of  these  orders,  no  less  remarkable, 
have  beea  ascertained  by  M.  Agassiz. 

But  we  have  now,  I  trust,  pnrsued  these  sciences  of  classification  suf- 
ficiently far ;  and  it  is  time  for  ns  to  enter  upon  that  higher  domain 
of  Physiology  to  which,  as  we  have  said,  Zoology  so  irresistibly  directs 

[2nd  Ed.]  [I  have  retained  the  remarks  which  I  ventured  at  first  to 
make  on  the  System  of  M.  Agassiz ;  but  I  believe  the  opinion,  of  the 
most  philosophical  ichthyologists  to  be  that  Ouvier's  System  was  too 
exclusively  based  on  the  internal  skeleton,  as  Agassiz's  was  on  the 
external  skeleton.  In  some  degree  both  systems  have  been  superseded, 
while  all  that  was  true  in  each  has  been  retained.  Mr.  Owen,  in  his 
Lectures  <m  Vertebrata  (1846),  takes  Cuvierian  characters  from  the 
endo-akeleton,  Agassizian  ones  from  the  exo-skeleton,  Linnasan  ones 
from  the  ventral  fins,  Mttllerian  ones  from  the  air-bladder,  and  combines 
them  by  the  light  of  his  own  researches,  with  the  view  of  forming  a 
system  more  truly  natural  than  any  preceding  one. 

As  I  have  said  above,  naturalists,  in  their  progress  towards  a  Natural 
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System,  are  guided  by  physiological  relations,  latently  in  Botany,  but 
conspicaously  in  Zoology.  From  the  epoch  of  Ciivier's  Bhffne  Animal, 
the  progress  of  Systematic  Zoology  is  inseparably  dependent  on  the 
progress  of  Comparative  Anatomy.  Hence  I  have  placed  Cuvier's 
Classification  of  animal  forms  in  the  next  Book,  which  treats  of  Phy- 
siology.] 
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Fearful  and  wondious  is  the  aliiU  which  moulds 

Oar  body's  vital  plan, 
And  &om  tlie  first  dim  hidden  gerra  iintolda 

TiiB  perfect  limbs  ot  man. 
Who,  who  can,  pierce  the  seci'et  ?  tell  ua  how 

Something  is  drawn  from  naugM, 
life  &om  tlie  inert  mass  (    Who,  Lord !  l>ut  thoxi, 

Whose  hand  the  whole  has  wrought  ? 
Of  this  corporeal  substance,  still  to  be, 

Thine  eye  a  survey  took ; 
And  all  my  mom.bers,  yet  unformed  by  thee, 

Were  written  in  thy  book. 

Psalm  cxxxix.  IS-Jti 
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INTRODUCTION. 
Of  the  Organieal  Sciences 

THOUGH  the  general  notion  of  life  is  aotnowledged  \ij  tlie  most 
profound  philosophers  to  he  dim  and  mysterious,  even  up  to  the 
present  time ;  and  must,  in  the  early  stages  of  human  speculation, 
have  been  still  more  obscure  and  confused;  it  was  sufficient,  even 
then,  to  give  interest  and  connexion  to  men's  observations  upon  their 
own  bodies  and  those  of  other  animals.  It  was  seen,  that  in  living 
things,  certain  peculiar  processes  were  constantly  repeated,  as  those 
of  breathing  and  of  taking  food,  for  example ;  and  that  a  certain  con- 
formation of  the  parts  of  the  animal  was  subservient  to  these  pro- 
cesses ;  and  thus  were  gradually  formed  the  notions  of  Function  and 
of  Organtsatimi.  And  the  sciences  of  which  these  notions  formed  the 
basis  are  clearly  distinguishable  from  all  those  which  we  have  hitJierto 
considered.  We  conceive  an  organized  body  to  be  one  in  which  the 
parts  are  there  for  the  sake  of  the  whole,  in  a  manner  different  from 
any  mechanical  or  chemical  connexion  ;  we  conceive  a  function  to  be 
not  merely  a  process  of  change,  hut  of  change  connected  with  the 
general  vital  process.  When  mechanical  or  chemical  processes  occur 
in  the  living  body,  they  are  instrumental  to,  and  directed  by,  the 
peculiar  powera  of  life.  The  sciences  which  thus  consider  organiza- 
tion and  vital  functions  may  be  termed  organieal  sciences. 

When  men  began  to  speculate  concerning  such  subjects,  the  general 
mode  of  apprehending  the  process  in  the  cases  of  some  functions, 
appeared  to  be  almost  obvious ;  thus  it  was  conceived  that  the  growth 
of  animals  arose  from  their  frame  appropriating  to  itself  a  part  of  the 
substance  of  the  food  tirougi  the  various  passages  of  the  body. 
Under  the  influence  of  such  general  conceptions,  speculative  men  were 
naturally  led  to  endeavor  to  obtain  more  clear  and  definite  views  of 
the  course  of  each  of  such  processes,  and  of  the  mode  in  which  the 
separate  parts  contiibuted  to  it.  Along  with  the  observation  of  the 
living  person,  the  moie  seaichmg  examination  which  could  be  carried 
on  in  the  dead  body,  and  the  comparison  of  v  iiious  kinds  of  animals, 
soon  showed  that  this  puisuit  was  rich  in  knowledge  ind  in  interest. 
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■,  besides  the  interest  ■which  the  more  speculative  iiicnlty  gave 
to  this  study,  the  Art  of  Healing  added  to  it  a  great  practical  value ; 
and  the  effects  of  diseases  and  of  medicines  supplied  new  maturiala  and 
new  motives  for  the  reasonings  of  the  philosopher. 

In  this  manner  anatomy  or  physiology  may  he  considered  as  a 
science  which  began  to  he  cultivated  in  the  earliest  periods  of  civiliza- 
tion, Lite  most  other  ancient  sciences,  its  career  has  been  one  of 
perpetual  though  variable  progress ;  and  as  in  others,  so  in  this,  each 
step  has  implied  those  which  had  been  previously  made,  and  cannot 
he  understood  aright  except  we  understand  them.  Moreover,  the 
steps  of  this  advance  have  been  very  many  and  diverse  ;  the  cultivators 
of  anatomy  have  in  all  ages  been  numerous  and  laborious  ;  the  subject 
is  one  of  vast  extent  and  complexity ;  almost  every  generation  had 
added  something  to  the  current  knowledge  of  its  details ;  and  the 
general  speculations  of  physiologists  have  been  subtle,  bold,  and 
learned.  It  must,  therefore,  he  difficult  or  impossible  for  a  person 
who  has  not  studied  the  science  with  professional  diligence  and  pro- 
fessioual  advantages,  to  form  just  judgments  of  the  value  of  the  dis- 
coveries of  various  ages  and  persons,  and  to  arrange  them  in  their  due 
relation  to  each  other.  To  this  we  may  add,  that  though  all  the  dis- 
coveries ivhich  have  been  made  with  respect  to  particular  functions  or 
otganizations  are  understood  to  bo  subordinate  to  one  general  science, 
the  Philosophy  of  Life,  yet  the  principles  and  doctrines  of  this  science 
nowhere  exist  in  a  shape  generally  received  and  assented  to  among 
physiologists;  and  thus  wo  have  not,  in  this  science,  the  advantage 
which  in  some  others  we  have  possessed ; — of  discerning  the  true 
direction  of  its  first  movements,  by  knowing  the  point  to  which  they 
ultimately  tend ; — of  running  on  beyond  the  earlier  discoveri^  and 
thus  looking  them  in  the  face,  and  reading  their  true  features.  With 
these  disadvantages,  all  that  we  can  have  to  say  respecting  the  history 
of  Physiology  must  need  great  indulgence  on  the  part  of  tho  reader. 

Yet  hero,  as  in  other  cases,  wo  may  by  guiding  oui  liews  by  those 
of  the  greatest  and  most  philosophi  al  men  who  have  mado  the  sub 
ject  their  study,  hope  to  avoid  mateinl  eii  ri  Nor  can  we  well 
evade  making  the  attempt  To  obtam  some  simple  and  consistent 
view  of  the  pr<^ress  of  physiological  s  ence  is  n  the  h  ghe=t  degiet 
important  to  the  completion  of  our  views  of  tho  progress  of  physicil 
science.  For  the  physiological  or  ot^mral  ■!  len  cs  f  nn  i  cl'jss 
to  which  the  classes  already  treated  of  the  me  hai  ic^l  chemical  an  i 
elassificatory  sciences,  are  subordinate  ii  d  airnl -trv      A^«r    inothei 
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eJrcaniBtaDce  which  makes  physiology  an  important  part  of  our  survey 
of  hnman  knowledge  is,  that  we  have  here  a  science  which  is  con- 
cerned, indeed,  about  material  combinations,  but  in  which  we  are  led 
almost  beyond  the  borders  of  the  material  world,  into  the  region  of 
sensation  and  perception,  thought  and  will.  Such  a  contemplation 
may  offer  some  snggestions  which  may  prepare  us  for  the  transition 
from  physical  to  metaphysical  speculations. 

In  the  survey  which  we  must,  for  such  purposes,  take  of  the  pro- 
gress of  physiology,  it  is  by  no  means  necessary  that  we  should 
exhaust  the  subject,  and  attempt  to  give  the  history  of  every  branch 
of  the  knowledge  of  the  phenomena  and  laws  of  living  creatures.  It 
will  he  sufBcient,  if  we  follow  a  few  of  the  lines  of  such  researches, 
which  may  be  considered  as  examples  of  the  whole.  We  see  that 
life  is  accompanied  and  sustained  by  many  processes,  which  at  first 
offer  themselves  to  our  notice  as  separate  ftmctions,  however  they  may 
afterwards  be  found  to  be  connected  and  identified ;  such  are  feeling, 
digestion,  respiration,  the  action  of  the  heart  and  pulse,  generation, 
perception,  voluntary  motion.  The  analysis  of  any  one  of  these 
functions  may  he  pursued  separately.  And  since  in  this,  as  in  all 
genuine  sciences,  our  knowledge  becomes  real  and  scientific,  only  in  so 
far  as  it  is  verified  in  particular  facts,  and  thus  established  iu  general 
propositions,  such  an  original  separation  of  the  subjects  of  research  is 
requisite  to  a  true  representation  of  the  growth  of  real  knowledge. 
The  loose  hypotheses  and  systems,  concerning  the  connexion  of  differ- 
ent vital  faculties  and  the  general  nature  of  living  things,  which  have 
often  been  promulgated,  must  be  excluded  from  this  part  of  our  plan. 
We  do  not  deny  all  value  and  merit  to  such  speculations ;  hut  they 
cannot  be  admitted  in,  the  earlier  stages  of  the  history  of  physiology, 
treated  of  as  an  inductive  science.  If  the  doctrine  so  propounded 
have  a  solid  and  permanent  truth,  they  will  again  come  before  us 
when  wo  have  travelled  through  the  range  of  more  limited  truths,  and 
ai'e  prepared  to  ascend  with  security  and  certainty  into  the  higher 
region  of  general  physiological  principles.  If  they  cannot  be  arrived 
at  by  such  a  road,  they  are  then,  however  plausible  and  pleasing,  no 
portion  of  that  real  and  progressive  science  with  which  alone  our  his- 
tory is  concerned. 

We  proceed,  therefore,  to  trace  the  establishment  of  some  of  the 
more  limited  but  certain  doctrines  of  physiology. 
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CHAPTER  I. 


Sect.  \.— Knowledge  of  Galen  and  his  Predecessors. 

TM^  the  earliest  conceptions  which  men  entertained  of  their  power  of 
J-  moving  their  own  members,  they  probably  had  no  thought  of  any 
mechanism  or  oi^anization  by  which  tJiis  was  effected.  The  foot  and 
the  hand,  no  less  than  the  head,  were  seen  to  be  endowed  with  life  ; 
and  this  pervading  life  seemed  sufBciently  to  explain  the  power  of 
motion  in  each  part  of  the  frame,  without  its  being  held  necessary  to 
seek  ottt  a  special  seat  of  the  will,  or  instruments  by  which  its  impnlses 
were  made  effective.  But  the  slightest  inspection  of  dissected  animals 
showed  that  their  limbs  were  formed  of  a  curious  and  complex  collec- 
tion of  cordage,  and  communications  of  various  kinds,  running  along 
and  connecting  the  bones  of  the  skeleton.  These  cords  and  communi- 
cations we  now  distinguish  as  mnsoles,  nei-ves,  veins,  arteries,  &c.;  and 
among  these,  we  assign  to  the  muscles  the  office  of  moving  the  parts 
to  which  they  are'  attached,  as  cords  move  the  parts  of  a  madiine. 
Though  this  action  of  the  muscles  on  the  hones  may  now  appear  verj' 
obvious,  it  was,  probably,  not  at  first  discerned.  It  is  observed  that 
Homer,  who  describes  the  wounds  which  are  inflicted  in  his  battles 
with  so  much  apparent  anatomical  precision,  nowhere  employs  the  word 
muscle.  And  even  Hippocrates  of  Cos,  the  most  celebrated  physician 
of  antiquity,  is  held  to  have  had  no  distinct  conception  of  such  an 
organ,'  Ho  always  employs  the  word  fiesA  when  he  means  muscle, 
and  the  first  explanation  of  the  latter  word  {(tS;)  occurs  in  a  spurious 
wort  ascribed  to  him.  For  nerves,  sinews,  Ijgaments,'  he  used  indis- 
criminately the  same  terms ;  (rouog  or  uiupov ;)  and  of  these  nerves  (uEupa) 
he  asserts  that  they  contract  the  limbs.  Nor  do  we  find  much  more 
distinctness  on  this  subject  even  in  Aristotle,  a  generation  or  two  later. 
"  The  origin  of  the  veupa,"  he  says,'  "  is  from  the  heart ;  they  connect 

'  Sprengel,  Oeschichte  dsr  Arzneihmde,  i.  389. 

»  Sprengel,  Chseh.  Arz.  I  S85.  '  Hist.  Anim.  iii.  6. 


d  by  Google 


THE  ORGANS  OF   VOi-UNTABY   MOTION.  439 

the  bones,  and  surround  tke  joints."  It  is  clear  that  he  means  here 
the  muscles,  and  therefore  it  is  with  injustice  that  he  has  been  accused 
of  tJie  gross  error  of  deriving  the  nerves  from  the  heart.  And  he  is 
held  to  have  really  had  the  merit'  of  discovering  the  neiTcs  of  sensa- 
tion, which  ho  calls  the  "  canak  of  the  brain  "  («'poi  row  eyxe^oMu)  •  but 
the  analysis  of  the  mechanism  of  motion  is  left  by  him  almost  nntouehed. 
Perhaps  his  want  of  sound  mechanical  notions,  and  his  constant  strain- 
ing after  verbal  generalities,  and  systematic  classifications  of  the  widest 
kind,  supply  the  true  account  of  his  thus  missing  the  solution  of  one 
of  the  simplest  problems  of  Anatomy. 

In  this,  however,  as  in  other  subjects,  his  immediate  predecessors 
were  far  from  remedying  tiie  deficiencies  of  his  doctrines.  Those  who 
professed  to  study  physiology  and  medicine  were,  for  the  most  part, 
studious  only  to  frame  some  general  system  of  abstract  principles, 
which  might  give  an  appearance  of  connexion  and  profundity  to  their 
tenets.  Bi  this  manner  the  sticcessora  of  Hippocrates  became  a  medi- 
cal school,  of  great  note  in  its  day,  designated  as  the  Dogmatic 
school ;"  in  opposition  to  which  arose  an  Empiric  sect,  who  professed 
to  deduce  their  modes  of  cure,  not  from  theoretical  dogmas,  but  from 
experience.  These  rival  paities  prevailed  principally  in  Asia  Minor 
and  Egypt,  during  the  time  of  Alexander's  successors, — a  period  rich 
in  names,  but  poor  in  discoveries ;  and  we  find  no  clear  evidence  of 
any  decided  advance  in  anatomy,  such  as  we  are  here  attempting  to 
traee. 

The  victories  of  Lucullus  and  Pompeius,  in  Greece  and  Asia,  made 
the  Romans  aequainted  with  the  Greek  philosophy ;  and  the  conse- 
qnence  soon  was,  that  shoals  of  pbilosophei-s,  rhetoricians,  poets,  and 
physicians'  stveamed  from  Greece,  Asia  Minor,  and  Egypt,  to  Eome 
and  Italy,  to  traffic  their  knowledge  and  their  arts  for  Koman  wealth. 
Among  these,  was  one  person  whose  name  makes  a  great  figure  in  the 
liistory  of  medicine,  Asclepiades  of  Prusa  in  Bithynia.  This  man 
appears  to  have  been  a  quack,  with  the  usual  endowments  of  his  cla^ ; 
— ^boldness,  singularity,  a  contemptuous  rejection  of  all  previously 
esteemed  opinions,  a  new  classification  of  diseases,  a  new  list  of  medi- 
cines, and  the  assertion  of  some  wonderfiil  cures.  He  would  not,  on 
sach  accounts,  deserve  a  place  in  the  history  of  science,  but  that  he 
became  the  founder  of  a  new  school,  the  Methodic,  which  profe^ed  to 
hold  itself  separate  both  from  the  Dogmatics  and  the  Empirics. 


enge!,  Gesck.  An.  i,  6S3.        "  Sprengd,  GescJt.  At.-. 
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I  have  noticed  these  schools  of  medicine,  because,  though  I  am  not 
able  to  state  distinctly  their  respective  merits  in  the  cultivation  of 
anatomy,  a  great  progress  in  that  science  was  undoubtedly  made  du- 
ring their  domination,  of  which  tie  praise  musf,  I  conceive,  be  in 
some  way  divided  among  them.  The  amount  of  tiiis  progress  we  are 
able  to  estimate,  when  we  come  to  the  works  of  Galen,  who  flonrished 
under  the  Antonines,  and  died  about  a.d.  203.  The  following  pass- 
age from  his  works  will  show  that  this  progress  in  knowledge  was  not 
made  without  the  iisual  condition  of  laborious  and  careful  experiment, 
while  it  implies  the  curious  fact  of  such  experiment  heing  conducted 
by  means  of  family  tradition  and  instruction,  so  as  to  give  rise  to  a 
caate  of  dissectors.  In  the  opening  of  his  Second  Book  On  Anatomi- 
cal Manipulations,  he  speaks  thus  of  his  predecessors ;  "  I  do  not 
blame  the  ancients,  who  did  not  write  boolra  on  anatomical  manipula- 
tion ;  though  I  praise  Marinus,  who  did.  For  it  was  superfluous  for 
them  to  compose  such  records  for  themselves  or  others,  while  they 
were,  from  their  childhood,  exercised  by  their  parents  in  dissecting, 
just  as  familiarly  as  in  writing  and  reading;  so  that  there  was  no 
more  fear  of  their  forgetting  their  anatomy,  than  of  forgetting  their 
alphabet.  But  when  grown  men,  as  well  as  children,  were  taught, 
this  thorough  discipline  fell  off;  and,  the  art  being  carried  out  of  the 
family  of  the  Asclepiads,  and  declining  by  repeated  transmission, 
books  became  necessary  for  the  student." 

That  the  general  structure  of  the  animal  frame,  as  composed  of 
bones  and  muscles,  was  known  with  great  accuracy  before  the  time  of 
Galen,  is  manifest  from  the  nature  of  the  mistakes  and  deficiencies  of 
his  predecessors  which  he  finds  it  necessary  to  notice.  Thus  he  ob- 
seiTcs,  that  some  anatomists  have  made  one  muscle  into  two,  from  its 
having  two  heads ; — that  they  have  overlooked  some  of  the  muscles 
in  the  face  of  an  ape,  in  consequence  of  not  skinning  tiie  animal  with 
their  own  hands; — and  the  like.  Such  remarks  imply  that  the  cur- 
rent knowledge  of  this  kind  was  tolerably  complete.  Galen's  own 
views  of  the  general  mechanical  structm'e  of  an  animal  are  very  clear 
and  soimd.  The  skeleton,  he  observes,  discharges'  the  office  of  the 
pole  of  a  tent,  or  the  walls  of  a  house.  With  respect  to  the  action  of 
the  muscles,  his  views  were  anatomically  and  mechanically  correct ; 
in  some  instances,  he  showed  what  this  action  was,  by  severing  the 
muscle.'     He  himself  added  considerably  to  the  existing  knowledge  of 

'  De  Anatom.  Administ.  i.  3.  '  Sprongel,  ii.  \51. 
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tiiia  subject;  and  his  discoveries  and  descriptions,  even  of  very  minute 
parte  of  the  moseular  system,  are  spoken  of  with  praise  by  modem 


We  may  consider,  therefore,  that  the  doctrine  of  the  muscular  sys- 
tem, aa  a  coDection  of  cords  and  sheets,  by  the  contraction  of  which 
the  parts  of  the  body  are  moved  and  supported,  was  firmly  established, 
and  completely  followed  into  detaJl,  by  Galen  and  his  predece^ors. 
But  there  is  another  class  of  organs  connected  with  voluntary  motion, 
the  nerves,  and  we  mnst  for  a  moment  trace  the  opinions  which  pre- 
vailed respecting  these.  Aristotle,  as  we  have  said,  noticed  some  of 
the  nerves  of  sensation.  But  Herophilus,  who  lived  in  Egypt  in  the 
time  of  the  first  Ptolemy,  distinguished  nerves  aa  the  organs  of  the 
will,"  and  Eufus,  who  lived  in  Ihe  time  of  Trajan,"  divides  the  nerves 
into  sensitive  and  motive,  and  derives  them  all  from  the  brain.  But 
this  did  not  imply  that  men  had  yet  distinguished  the  nerves  from 
the  muscles.  Even  Galen  maintained  that  every  muscle  consists  of  a 
bundle  of  nerves  and  sinews."  But  the  important  points,  the  neces- 
sity of  the  nerve,  and  the  origination  of  all  this  apparatus  of  motion 
from  the  brain,  he  insists  upon  with  gi'eat  clearness  and  force.  Thus 
he  proved  the  necessity  experimentally,  by  cutting  through  some  of 
the  bundles  of  nerves,^'  and  thus  preventing  the  corresponding  mo- 
tions. And  it  is,  he  says,'*  allowed  by  all,  both  physicians  and  philo- 
sophers, that  where  the  oiigtn  of  the  nerve  is,  there  the  seat  of  the 
soul  {ir)"H}i-mxt,v  T^s  ■i'")^^)  "^"st  be  :  now  this,  he  adds,  ia  in  the  brain, 
and  not  in  the  heart. 

Thus  the  general  construction  and  aarangemeiit  of  the  organization 
by  which  voluntary  motion  is  effected,  was  well  made  out  at  the  time  of 
Galen,  and  is  found  distinctly  delivered  in  his  works.  "We  cannot,  per- 
haps, justly  ascribe  any  large  portion  of  the  general  discovery  to  him : 
indeed,  the  conception  of  the  mechanism  of  the  skeleton  and  muscles 
was  probably  so  gradually  unfolded  in  the  minds  of  anatomical  students, 
that  it  would  be  difficult,  even  if  we  knew  the  labors  of  each  person, 
to  select  one,  as  peculiarly  the  author  of  the  discovery.  But  it  is  clear 
that  all  those  who  did  materially  contribute  to  the  establishment  of 
this  doctrine,  must  have  possessed  the  qualifications  which  we  find  in 
Galen  for  such  a  task;  namely,  clear  mechanical  views  of  what  the 


'  Sprengel,  ii,  ISO.  ">  lb.  i.  634.  "  lb.  iL  01. 

'=  Ibid.  11.  152.    Galea,  J}e  Motu  Muse.  p.  653.  "  lb.  167. 

"  Be  Hippocr  et  Flat.  Dog.  viii.  1. 


d  by  Google 


i42  IIISTOEr   OF   PHYSIOLOGY. 

tensions  of  collections  of  strings  could  do,  and  an  exswit  practical  acquain- 
tance with  the  muscular  cordage  which  exists  in  tie  animal  frame ; — 
in  shoi-t,  in  this  as  in  other  instaacea  of  real  advance  in  science,  there 
must  have  been  clear  ideas  and  real  facts,  imity  of  thought  and  extent 
of  observation,  brought  into  contact 

Sect.  2. — Recognition  of  Final  Causes  in  Physiohffy.     (falen. 

Thbre  is  one  idea  which  the  researches  of  the  physiologist  and  the 
anatomist  so  constantly  force  upon  him,  that  he  cannot  help  assuming 
it  as  one  of  tlie  guides  of  his  speculations;  I  mean,  the  idea  of  a  pur- 
^pose,  or,  as  it  is  called  in  Aristotelian  phrase,  a  jmal  cause,  in  the 
arrangements  of  the  animal  frame.  It  is  impossible  to  doubt  tliat  the 
motive  nerv^  run  along  the  limbs,  in  order  that  they  may  convey  to 
the  muscles  the  imp  le(,ffhwll        dthtth  1  tthd 

to  the  bones,  in  ord     tk  t  t]   y  m  j  m  d     pp    t  th  m      Thi 

conviction  prevails         t    ddy  am  t        ts  tL  t  h      fh 

use  of  any  part  is  alto  th  kn  w  t  till  t  t  f  gr  ted  th  t 
it  has  some  iise.Thd      Ipmtfth  ti     — fpi 

in  the  parts  of  anin  als, —  f  1  t  t  Ih  hptntth 
organization  is  subse         t, —      tnb  t  d  ^      tly  to  tl     p  f 

physiology ;  for  it         t    tly  mg  d  f         d         th  hes 

respecting  each  organ,  till  some  definite  new  of  ita  purpose  wsb 
obtained.  The  assumption  of  hj^thetical  final  causes  in  Physics  may 
have  been,  as  Bacon  asserte  it  to  have  been,  prejudicial  to  science  ;  but 
the  assmnption  of  unknown  final  causes  in  Physiology,  has  given  rise 
to  tie  science.  The  two  branches  of  speculation,  Physics  and  Physi- 
ology, were  equally  leJ,  by  every  new  phenomenon,  to  ask  their  ques- 
tion, "Why!"  But,  in  the  former  case,  "why"  meant  "through 
what  cause  ?'  in  the  latter,  "  for  what  end  ?"  And  though  it  may  be 
possible  to  introduce  into  physiology  the  doctrine  of  efficient  causes, 
such  a  step  can  never  obliterate  the  obligations  which  the  science  owes 
to  the  pervading  conception  of  a  pni-pose  contained  in  all  organization. 
This  conception  makes  its  appearance  very  early.  Indeed,  withoat 
any  special  study  of  our  structure,  the  thought,  that  we  are  fearfully 
and  wonderfully  made,  forces  itself  upon  men,  witli  a  mysterious  im- 
pressiveness,  as  a  suggestion  of  our  Maker,  In  this  bearing,  the 
thought  is  developed  to  a  considerable  extent  in  the  well-known  pas- 
sage in  Xenophon's  Oonvermtions  of  Socrates.  Nor  did  it  ever  lose  its 
hold  on  sober-minded  and  itsti-uctcd  men.     The  Epicureans,  indeed. 
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heW  that  the  eye  was  not  made  for  seeing,  nor  tlie  ear  for  Jieariug ; 
and  Asclepiadea,  whom  we  have  already  mentioned  aa  an  impudent 
pretender,  adopted  this  wild  dogma."  Such  assertions  required  no 
labor.  "  It  is  easy,"  says  Galen,"  "  for  people  like  Asclepiades,  wlien 
they  come  to  any  difficulty,  to  say  tliat  Nature  has  worked  to  no  pur- 
pose." The  great  anatomist  himself  pra'sues  his  Bulgect  in  a  very 
different  temper.  In  a  well-known  passage,  he  breaia  out  into  an 
enthusiastic  scorn  of  the  folly  of  the  atheistical  notions."  "  Try,"  he 
says,  "  if  you  can  imagine  a  shoe  made  with  half  the  skill  which  appears 
in  the  skin  of  the  foot."  Some  one  had  spoken  of  a  stnicture  of  the 
human  body  which  be  would  have  prefeiTed  to  that  which  it  now  has, 
"  See,"  Galen  exclaims,  after  pointing  out  the  absurdity  of  the  imagi- 
nary scheme,  "  see  what  brutisbness  there  is  in  this  wish.  But  if  I 
were  to  spend  more  words  on  such  cattle,  reasonable  men  might  blame 
me  for  desecrating  my  work,  which  I  regard  as  a  religious  hymn  in 
honor  of  the  Creator." 

Galen  was  from  the  first  highly  esteemed  as  an  anatomist.  He  was 
ori^nally  of  Pergamus ;  and  after  receiving  the  instrnctions  of  many 
medical  and  philosophical  professors,  snd  especially  of  those  of  Alex- 
andria, which  was  tJien  tlie  metropolis  of  the  learned  and  scientific 
world,  he  came  to  Rome,  where  his  reputation  was  soon  so  great  as  to 
excite  the  envy  and  hatred  of  the  Eoman  physicians.  The  emperors 
Marcus  Aurelius  and  Lucius  Verus  woald  have  retained  him  near 
them ;  biit  he  preferred  pauBning  his  travels,  directed  principally  by 
curiosity.  When  he  died,  he  left  behind  him  numerous  works,  all  of 
them  of  great  value  for  the  light  they  throw  on  the  history  of  anatomy 
and  medicine ;  and  these  were  for  a  long  period  the  storehouse  of  all 
the  most  important  anatomical  knowledge  which  the  world  possessed. 
In  the  time  of  intellectual  barrenness  and  servility,  among  the  Ara- 
bians and  the  Europeans  of  the  dark  ages,  the  writings  of  Galen  had 
almost  unquestioned  authority;"  and  it  was  only  by  an  uncommon 
effort  of  independent  thinking  that  Abdollatif  ventured  ta  assert,  that 


even  Galen't 
In  more  modem 
accused  Galen  of  n 
whole  body  of  phy; 


must  give  way  to  the  evidence  of  the  senses, 
Imes,    when  Vesalins,    in  the  sixteenth  century, 
he  drew  upon  himself  the  hostility  of  the 
Yet  the  mistakes  were  such  as  might  have 


"  Da  Um  Fart.  ^ 
"  Sprengel,  i'l,  E51 
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been  pointed  out  and  confessed'"  without  acrimony,  if,  in  times  of 
revolution,  mildness  and  moderation  were  possible  ;  but  an  impatience 
of  the  Buperstitioa  of  tradition  on  the  part  of  the  innovators,  and  an 
alarm  of  the  subversion  of  al!  recognized  truths  on  the  part  of  the 
established  teachers,  inflame  and  pervert  all  such  discussions.  Vesa- 
lius's  main  charge  against  Galen  is,  that  his  dissections  were  performed 
upon  animals,  and  not  upon  the  human  body,  Galen  himself  speaks 
of  the  dissection  of  apes  as  a  very  familiar  employment,  and  states  tliat 
he  tilled  them  by  drowning.  The  natural  difficulties  which,  in 
various  ages,  have  prevented  the  unlimited  prosecutioa  of  human 
dissection,  operated  strongly  among  the  ancients,  and  it  would  have 
been  difficult,  under  such  circumstances,  to  proceed  more  judiciously 
than  Galen  did. 

I  shall  now  proceed  to  the  history  of  the  discovery  of  another  and 
less  obvious  function,  the  circulation  of  the  blood,  which  belongs  to 
modem  times. 


CHArTER  11. 

DlSCOVBRY  OP  THE  ClBCULATION  OF  THE  BlOOL. 

Seci.  1. — Prelude  to  the  Discovery. 

rjIHE  blood-vessels,  the  veins  and  arteries,  are  as  evident  and  peculiar 
-*■  in  their  appearance  as  the  muscles ;  but  their  function  is  by  no 
means  so  obvious.  Hippocrates '  did  not  discriminate  Veins  and  Ar- 
teries ;  both  are  called  by  the  same  name  (if-Xi/Sss) ;  aad  the  word 
from  which  artery  comes  (dpriipiij)  means,  in  his  worts,  the  windpipe. 
Aristotle,  scanty  as  was  his  knowledge  of  the  vessels  of  the  body,  has 
yet  the  merit  of  having  traced  the  origin  of  all  the  veins  to  the  heart. 
He  expressly  contradicts  those  of  his  predecessors  who  had  derived 
the  veins  from  the  head ; '  and  refers  to  dissection  for  the  proof.  If 
the  book  On  the  Breath  be  genuine  {which  is  doubted),  Aristotle  was 
aware  of  the  distinction  between  veins  and  arteries.     "  Every  artery," 

"  Cuv.  icjwij  SKI-  I'Sisl.  des  Sc.  JVoi.  p.  23. 

'  Sprengel,  i.  SS3.  '  //sit.  Animal,  iii.  8, 
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it  is  there  asserted,  "  is  aecompanied  by  a  vein ;  the  former  are  filled 
only  with  breath  or  air."'  But  ■whether  or  no  this  passage  be  Aris- 
totle's, he  held  opinions  equally  erroneous;  as,  that  the  windpipe  con- 
veys air  into  the  heart.'  Galen '  was  far  from  having  views  respecting 
the  blood-vessels,  aa  sound  as  those  which  he  entertained  concerning 
the  mnsciea.  He  held  the  liver  to  be  the  origin  of  the  veins,  and  the 
heart  of  the  arteries.  He  was,  however,  acquainted  with  their  junc- 
tions, or  anastomoses.  But  we  find  no  mateml  advance  in  the  know- 
ledge of  this  subject,  till  we  overleap  the  blank  of  the  middle  ages,  and 
reach  the  dawn  of  modem  science. 

The  fether  of  modem  anatomy  is  held  to  be  Moudino,'  who  dis- 
sected and  taught  at  Bologna  in  1315.  Some  writers  have  traced  in 
him  the  rudiments  of  the  doctrine  of  the  circulation  of  the  blood ;  for 
he  says  that  the  heart  transmits  blood  to  the  lungs.  But  it  is  allowed, 
that  he  afterwards  destroys  the  merit  of  his  remark,  by  repeating  the 
old  assertion  that  the  left  ventricle  ought  to  contain  spirit  or  air,  which 
it  generates  from  the  blood. 

Anatomy  was  cultivated  with  great  diligence  and  talent  in  Italy  by 
Achillini,  Carpa,  and  Messa,  and  in  France  by  Sylvius  and  Stephanns 
(Dubois  and  Etienne).  Yet  still  these  empty  asstimptions  respecting 
the  heart  and  blood-vessels  kept  their  ground.  Vesalius,  a  native  of 
Brussels,  has  been  termed  the  founder  of  human  anatomy,  and  his 
great  work  De  Humani  Corporis  FabricA  is,  even  yet,  a  splendid 
monument  of  art,  as  well  as  science.  It  is  said  that  his  figures  were 
designed  by  Titian ;  and  if  this  be  not  exactly  true,  says  Cuvier,'  they 
must,  at  least,  be  from  the  pencil  of  one  of  the  most  distinguished 
pupils  of  the  great  painter ;  for  to  this  day,  though  we  have  more 
finished  drawings,  we  have  no  designs  that  are  more  artistlike.  Fallo- 
pius,  who  succeeded  Vesalius  at  Padua,  made  some  additions  to  the 
researches  of  his  predecessor ;  but  in  his  treatise  De  Prineipio  Vena- 
rum,  it  is  clearly  seen'  that  the  circulation  of  the  blood  was  unknown 
to  him.  Eustachius  also,  whom  Cuvier  gi'oups  with  Vesalius  and 
Fallopius,  as  the  three  great  founders  of  modem  anatomy,  wrote  a 
treatise  on  the  vein  azygos'  which  is  a  little  treatise  on  comparative 
anatomy;  but  the  discovery  of  the  functions  of  the  veins  came  from  a 
different  quarter. 


>  Deapiritu,  V.  1078.  *  Spr.  i.  601.  '  Ik  ii.  15S, 

°  Eneyc.  Brit.  693.  Anatomy.  '  Leqons  mr  FHist.  dss  Sc.  Nat.  p.  El. 

"  Cut.  Be.  Nat.  p.  S2.  '  lb.  p.  34. 
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The  imfortuHate  Servetus,  who  was  burnt  at  Geneva  aa  a  heretic  in 
1653,  is  the  first  person  who  speaks  distinctly  of  the  small  circulation, 
or  that  which  caiiies  the  blood  from  the  heart  to  the  lungs,  and  back 
again  to  the  heart.  His  work  entitled  Ckristianismi  Reslitulio  was 
also  burnt ;  and  only  two  copies  are  known  to  have  escaped  the  flames. 
It  is  in  this  work  that  he  asserts  the  doctrine  in  question,  as  a  colla- 
teral argument  or  illustration  of  his  subject,  "  The  communication 
between  tiie  right  and  left  veEtriele  of  the  heart,  is  made,"  he  says, 
"  not  as  ia  commonly  believed,  throngli  the  partition  of  the  heart,  but 
by  a  remarkable  artifice  {magna  artificio)  the  blood  is  carried  from  the 
right  ventricle  by  a  long  circuit  through  the  lungs ;  is  elaborated  by 
.the  lungs,  made  yellow,  and  transfused  from  the  vena  arteriosa  into 
flte  arteria  venosa."  This  truth  is,  however,  mixed  with  various  of  the 
traditional  fencies  concerning  the  "  vital  spirit,  which  has  its  origin  in 
the  left  ventricle."  It  may  be  doubted,  also,  how  far  Servetus  formed 
his  opinion  upon  conjecture,  and  on  a  hypothetical  view  of  the  foniia- 
tion  of  this  vital  spirit.  And  we  may,  perhaps,  more  justly  ascribe 
the  real  establishment  of  the  pulmonary  circulation  as  an  inductive 
tiTith,  to  Eealdus  Columbus,  a  pupil  and  successor  of  Vesalius  at 
Padna,  who  published  a  work  Be  Re  Anatomica  in  1559,  in  which  he 
claims  this  discovery  as  his  own." 

Andrew  Cfflsalpinns,  who  has  already  m  wnd  ir  notice  as  one 
of  the  Others  of  modem  inductive  sc  b  th  by  h  s  metaphysical 

and  his  physical  speculations,  described  th    pn!  y  circulation  still 

more  completely  in  his  Qumitiones  P  pat  t  m  1  even  seemed  to 
be  on  the  eve  of  discovering  the  great         uJ  t  1  r  he  remarked 

the  swelling  of  veins  below  ligatures,  d  f  d  fi  m  it  a  refluent 
motion  of  blood  in  these  vessels."  Bi  t  n  th  disco  ry  of  structure 
was  needed,  to  prepare  the  way  for  th     d  T    f  function;  and 

this  was  made  by  Fabriciua  of  Acquap  It  h  cceeded  in  the 
grand  list  of  great  professoi-s  at  Pal  It  i^ht  there  for  fifty 

years."     Sylvius  had  discovered  the         t  f  th    valves  of  the 

veins ;  bat  Fabricius  remarked  that  th  j  11  t        d  towards  the 

heart.  Combining  this  disposition  w  th  th  t  f  th  valves  of  the 
heart,  and  with  the  absence  of  valves  m  the  arteries,  he  might  have 
come  to  the  conclusion"  that  the  blood  moves  in  a  different  direction 
in  the  arteries  and  in  the  veins,  and  might  thus  have  discovered  the 
circulation  ;  but  this  glory  was  reserved  for  William  Hai'vey  :  so  true 

'°  Eneyc.  Mril.  "  lb.  '"  Cuv.  p.  44.  ^'  p.  45. 
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is  it,  observes  Cuvier,  tliat  we  ave  often  oa  tho  brint  of  a  discoveiy 
without  suspecting  that  we  are  so  ; — so  true  is  it,  we  may  add,  that  a 
certain  succession  of  time  and  of  persons  is  generally  necessary  to 
familiarize  men  with  one  thought,  before  they  can  advance  to  that 
which  is  the  next  in  order. 


Seet.  2. — The  Discovery  of  Hie  Circulation  made  by  Harvey. 

William  Harvey  was  bom  in  I5Y8,  at  Folkestone  in  Kent"  He 
first  studied  at  Cambridge  :  he  afterwards  went  to  Padua,  where  the 
celebrity  of  Fabrioius  of  Acquapendento  attracted  from  all  parts  those 
who  wished  to  be  instructed  in  anatomy  and  physiology.  In  this 
city,  excited  by  the  discovery  of  the  valves  of  the  veins,  which  his 
master  had  recently  made,  and  reflecting  on  the  direction  of  the  valves 
which  are  at  the  entrance  of  the  veins  into  the  heart,  and  at  the  exit 
of  the  arteries  from  it^  he  conceived  the  idea  of  making  experiments, 
in  order  to  determine  what  is  the  course  of  the  blood  in  its  vessels. 
He  found  that  when  he  tied  up  veins  in  various  animals,  they  swelled 
below  the  ligature,  or  in  tho  part  furthest  from  the  heart ;  while  arte- 
ries, with  a  like  ligature,  swelled  on  the  side  next  the  heart.  Combin- 
ing these  facta  with  the  direction  of  the  valves,  he  came  to  the  conclu- 
sion that  tho  blood  is  impelled,  by  the  left  side  of  the  heart,  in  the 
arteries  to  the  extremities,  and  thence  returns  by  the  veins  into  the 
right  side  of  tho  heart.  He  showed,  too,  how  this  was  confirmed  by 
the  phenomena  of  the  pulse,  and  by  the  results  of  opening  the  vessels. 
He  proved,  also,  that  the  circulation  of  the  lungs  is  a  continuation  of 
the  larger  circulation;  and  thus  the  whole  doctrine  of  the  double  cir- 
culation was  established. 

Harvey's  experiments  had  been  made  in  1616  and  1618;  it  is 
commonly  said  that  he  first  promulgated  his  opinion  in  1619;  but 
the  manuscript  of  the  lectures,  delivered  by  him  as  lecturer  to  the 
College  of  Physicians,  is  extant  in  tho  British  Museum,  and,  contain- 
ing the  propositJona  on  which  the  doctrine  is  founded,  rofeis  them  to 
April,  1616.  It  was  not  till  1628  that  he  published,  at  Frankfort,  his 
Bxercitatio  Anatomica  de  Motu  Cordis  et  Sanguinis ;  but  he  theie 
observes  that  he  had  for  above  nine  years  confirmed  and  illustrated  his 
opinion  in  his  lectures,  by  ai^uments  gi'ounded  upon  ocular  demonstra- 
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Seel.  3. — Reception  of  the  Discovery. 

Without  dwelling  long  upon  the  circumstances  of  tte  gcnural  recep- 
tion of  this  doctrine,  we  may  observe  that  it  was,  for  the  most  part, 
readily  accepted  by  his  countrymen,  but  that  abroaJ  it  had  to 
encounter  considerable  opposition.  Although,  as  we  have  seen,  his 
predecessors  had  approached  so  near  to  the  discovery,  men's  minds 
were  by  no  means  as  yet  prepared  to  receive  it.  Several  physicians 
denied  the  truth  of  the  opinion,  among  whom  the  most  eminent  was 
Eiolan,  profe^or  at  the  College  de  France.  Other  writers,  as  usually 
happens  in  the  case  of  great  discoveries,  asserted  that  the  doctrine 
waa  ancient^  and  even  that  it  was  tnown  to  Hippocrates,  Harvey 
defended  his  opinion  with  spirit  and  temper ;  yet  he  appears  to  have 
retained  a  lively  recollection  of  the  disagreeable  nature  of  the  strug- 
gles in  which  he  was  thus  involved.  At  a  later  period  of  his  life, 
Ent,"  one  of  his  admirers,  who  visited  him,  and  uiged  him  to  publish 
the  researches  on  generation,  on  which  he  had  long  been  engaged, 
gives  this  account  of  the  manner  in  which  ho  received  the  proposal : 
"  And  would  you  then  advise  jne,  (smilingly  replies  the  doctor,)  to 
quit  the  tranquillity  of  this  haven,  wherein  I  now  caJmly  spend  my 
days,  and  again  commit  myself  to  the  unfaithful  ocean  ?  Tou  are  not 
ignorant  how  great  troubles  my  lucubrations,  formerly  published,  have 
raised.  Better  it  is,  certamly,  at  some  time,  to  endeavor  to  grow  wise 
at  home  in  private,  than  by  the  hasty  divulgation  of  such  things  to  the 
tnowledgo  whereof  you  have  attained  with  vast  labor,  to  stir  up 
tempests  that  may  deprive  you  of  your  leisure  and  quiet  for  the 
fiitnre,'' 

His  merits  were,  however,  soon  generally  recognized.  He  was" 
made  physician  to  James  the  First,  and  afterwards  to  Charles  the 
First,  and  attended  that  unfortunate  monarch  in  the  civil  war.  He 
had  the  permission  of  the  parliament  to  accompany  the  king  on  his 
leaving  London ;  but  this  did  not  protect  him  from  having  his  house 
plundered  in  his  absence,  not  only  of  its  furniture,  but^  ■which  he  felt 
more,  of  the  records  of  his  experiments.  In  I8S2,  his  brethren  of  the 
College  of  Physicians  placed  a  marble  bust  of  him  in.  their  hall,  with 
an  inscription  recording  his  discoveries ;  and  two  years  later,  ho  was 
nominated  to  the  office  of  President  of  the  College,  which  however  he 

"  Epist.  Dedic.  to  Aiialom.  Exerdi.  "  Biog.  Brit- 
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declined  in  conaequecee  uf  Lis  age  and  infirmities.  His  doctrine  soon 
acquired  popular  currency;  it  was,  for  instance,  taken  by  Descartes" 
as  the  basis  of  his  physiology  in  bia  wort  On  Man  ;  and  Harvey  bad 
the  pleasure,  wbicb  is  often  denied  to  discoverers,  of  seeing  Hs  dis- 
covery generally  adnpted  during  hi«  lifetime. 

Sect.  4. — Bearing  of  the  Discoven/  on  the  Frogress  of  Physiology. 

Is  considering  the  intellectual  processes  by  wbicb  Harvey's  dis- 
coveries were  made,  it  is  impossible  not  to  notice,  tbat  the  recognition 
of  a  creative  purpose,  which,  as  we  have  said,  appears  in  all  sound 
physiological  reasonings,  prevails  eminently  here.  "  I  remember," 
says  Boyle,  "  that  when  I  asked  onr  famous  Harvey  what  were  the 
things  that  indnced  bim  to  think  of  a  circnlation  of  the  blood,  be  an- 
swered me,  that  when  be  took  notice  that  the  valves  in  the  veins  of 
so  many  parts  of  tbe  body  were  so  placed,  that  they  gave  a  free 
passage  to  the  blood  towards  the  bcait^  but  opposed  the  passage  of 
the  venal  blood  the  contrary  way ;  he  was  incited  to  imagine  that  so 
provident  a  cause  as  ITature  had  not  placed  so  many  valves  without 
design ;  and  no  design  seemed  more  probable  than  that  the  blood 
should  be  sent  through  the  arteries,  and  return  through  the  veins, 
whose  valves  did  not  oppose  its  course  that  way." 

We  may  notice  further,  that  this  discovery  implied  the  usual  condi- 
tions, distinct  general  notions,  careful  observation  of  many  facts,  and 
the  mental  act  of  bringing  together  these  elements  of  trath.  Harvey 
must  have  possessed  clear  views  of  the  motions  and  pressures  of  a  fluid 
circulating  in  ramifying  tubes,  to  enable  him  to  see  how  the  position 
of  valves,  the  pulsation  of  the  heart,  the  eff^ects  of  ligatures,  of  bleed- 
ing, and  of  other  circumstances,  ought  to  manifest  themselves  in  order 
to  confirm  his  view.  That  he  referred  to  a  multiplied  and  varied  expe- 
rience for  the  evidence  that  it  was  so  confirmed,  we  have  already  said. 
Like  all  the  best  philosophers  of  his  time,  he  insists  rigidly  upon  the 
necessity  of  such  experience.  "In  every  science,"  he  says,"  "be  it 
what  it  will,  a  diligent  observation  is  requisite,  and  sense  itself  must 
be  frequently  consulted.  We  must  not  rely  upon  other  men's  expe- 
rience, but  our  own,  without  which  no  man  is  a  proper  disciple  of  any 
part  of  natural  Itnowledge."  And  by  publishing  his  experiments,  he 
trusts,  be  adds,  that  he  has  enabled  his  reader  "to  be  an  equitable 

"  Cuv.  53.  "  Generation  of  AiiiniaU,VT^. 


rdb,  Google 


450  HISTORY   OF   PHYSIOLOGY. 

umpire  between  Aristotle  and  Galen ;"  or  rather,  he  might  havo  said, 
to  see  how,  in  the  promotion  of  scienee,  sense  and  reason,  observation 
and  invention,  have  a  mutual  need  of  eaeh  other. 

We  may  observe  further,  that  though  Han-ey'a  glory,  in  the  ease 
now  before  us,  rested  upon  his  having  proved  the  reality  of  certain 
mechanical  movements  and  actions  in  the  blood,  this  discovery,  and  all 
other  physiological  truths,  necessarily  involved  the  assumption  of  some 
peculiar  agency  belonging  to  living  things,  different  both  from  mecliani- 
cal  agency,  and  from  chemical ;  and  in  shorf^  something  vital,  and  not 
physical  merely.  For  when  ifc  was  seen  that  the  pulsation  of  the  heart, 
its  systole  and  diastole,  caused  the  circulation  of  the  blood,  it  might 
still  be  asked,  what  force  cansed  this  constantly-recurring  contraetion 
and  expansion.  And  agdn,  circulation  is  closely  connected  with  respi- 
ration ;  the  blood  is,  by  the  circulation,  carried  to  the  lungs,  and  is 
there,  according  to  the  expresaon  of  Columbus  and  Harvey,  mixed 
with  air.  Bat  by  what  mechanism  does  this  mixture  take  place,  and 
what  is  the  real  nature  of  it?  And  when  succeeding  researches  had 
enabled  physiologists  to  give  an  answer  to  this  question,  as  far  as  che- 
mical relations  go,  and  to  say,  that  the  change  consists  in  the  abstrac- 
tion of  the  carbon  from  the  blood  by  means  of  the  oxygen  of  the  atmo- 
sphere ;  they  were  still  only  led  to  ask  further,  how  this  chemical 
change  was  effected,  and  how  such  a  change  of  the  blood  fitted  it  for 
its  uses.  Every  function  of  which  we  explain  the  course,  the  mecha- 
nism, or  the  chemistry,  is  connected  with  other  functions, — is  subser- 
vient to  them,  and  they  to  it ;  and  all  tt^ether  are  parts  of  the  gcne- 
i-al  vitiJ  system  of  the  animal,  ministering  to  its  life,  but  deriving  their 
activity  from  the  life.  Life  is  not  a  collection  of  forces,  or  polarities, 
or  affinities,  such  as  any  of  the  physical  or  chemical  sciences  contem- 
plate ;  it  has  powers  of  its  own,  which  often  supersede  those  subordi- 
nate relations ;  and  in  the  cases  where  men  have  traced  such  agents  in 
the  animal  frame,  they  have  always  seen,  and  asnally  acknowledged, 
that  these  agents  were  ministerial  to  some  higher  agency,  more  diffi- 
cult to  trace  than  these,  but  more  truly  the  cause  of  the  phen  mena 

Xhe  discovery  of  the  mechanical  and  chemical  i,onditiona  of  the 
vital  functions,  as  a  step  in  physiology,  may  be  comi  ared  to  the  dis 
covery  of  the  laws  of  phenomena  in  the  heaiens  tj  Kejli,!  and  his 
predecessors,  while  the  discovery  of  the  foice  b>  which  they  neie  pro 
ducedwas  still  reserved  in  mystery  for  Newton  to  bimg  to  ]ia;ht  The 
subordinate  relation  of  the  facts,  their  dependance  on  space  and  time 
their  reduction  to  order  and  cycle,  had  been  fully  performed     but  the 
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;e  of  them  to  distinct  ideas  of  causation,  their  interpretation  as 
tlie  results  of  incctanical  force,  was  omitted  or  attempted  in  vain.  The 
very  notion  of  aucli  Force,  and  of  the  manner  in  wbich  motions  were 
determined  by  if,  was  in  the  highest  degree  vague  and  vacillating;  and 
a  century  was  requisite,  as  we  have  seen,  to  give  to  the  notion  that 
clearness  and  fixity  which  made  the  Mechanics  of  the  Heavens  a  pos- 
sible science.  In  lite  manner,  the  notion  of  Life,  and  of  Vital  Forces, 
is  still  too  obscure  to  be  steadily  held.  We  cannot  connect  it  distinctly 
with  severe  inductions  from  fitcts.  We  can  trace  the  motions  of  the 
animal  fluids  as  Kepler  traced  the  motions  of  the  planets;  but  when 
we  seek  to  render  a  reason  for  these  motions,  Ete  him,  wo  recur  to 
terms  of  a  wide  and  profound,  but  mysterions  import  |  to  Virtues,  In- 
fluences, undefined  Powers.  Yet  we  are  not  on  this  account  to  despaii'. 
The  very  instajice  to  which  I  am  referring  shows  us  how  rich  is  the 
promise  of  the  fiitnre.  Why,  says  Cuvier,"  jnay  not  Katural  History 
one  day  have  its  Kewton?  The  idea  of  the  vital  forces  may  gradually 
become  so  1  a  d  d  fi  'te  as  to  be  available  in  science ;  and  future 
generation    m  y  n  1  d  tlieir  physiology,  propositions  elevated  as 

far  above  th  ur  ul  t  f  the  blood,  as  the  doctrine  of  universal  gravi- 
tation goe  b  y  nl  th  [lanation  of  the  heavenly  motions  by  epicy- 
cles. 

I^bywhth  benall  have  exemplified  sufficiently  the  nature 
of  those  steps  in  physiology,  which,  like  the  discovery  of  t]te  Circulation, 
give  an  explanation  of  the  process  of  some  of  the  animal  functions,  it  is 
not  necessary  for  me  to  dwell  longer  on  the  subject ;  for  to  write  a  his- 
tory, or  even  a  sketch  of  the  history  of  Physiology,  would  suit  neither 
my  powers  nor  my  purpose.  Some  fiarther  analysis  of  the  general 
views  which  have  been  promulgated  by  the  most  eminent  physiologists, 
may  perhaps  be  attempted  in  treating  of  the  Philosophy  of  Inductive 
Science  ;  but  the  estimation  of  the  value  of  recent  speculations  and  ia- 
vestigationa  must  be  left  to  those  who  have  made  this  vast  subject  the 
study  of  their  lives.  A  few  brief  notices  may,  however,  be  terc  intro- 
duced, 

"  Ouem.  Fois.  Introi 


d  by  Google 


HISTORY  OS'  PHYSIOLOGY. 


!    MoTIOK    OP    TUB    ClIi'Ll!,    AKD    COKSEQUENT 

Speculations. 


Seel.  1. — TkeDUcovei-y  of  the  Motion  of  the  Chyle. 

IT  may  have  been  observed  in  the  previous  course  of  this  History  of 
the  Sciences,  tliat  tie  discoveries  in  each  science  have  a  pecuhar 
physiognomy :  something  of  a  common  type  may  he  traced  in  the  pro- 
gress of  each  of  the  theories  belon^ng  to  the  same  department  of  tnow- 
ledge.  We  may  notice  something  of  this  common  form  in  the  various 
branches  of  physiological  speculation.  In  most,  or  all  of  them,  we 
have,  as  we  have  noticed  the  case  to  be  with  respect  to  the  cii'cu- 
lation  of  the  blood,  clear  and  cei-tain  discoveries  of  mechaiiical  and 
chemical  processes,  succeeded  by  speculations  fermore  obscure,  doubtful, 
and  vagne,  respecting  the  relation  of  these  changes  to  the  laws  of  life. 
This  feature  in  the  history  of  physiology  may  be  further  instanced,  (it 
shall  be  done  very  briefly),  m  one  or  two  other  cases.  And  we  may 
oteerve,  that  the  lesson  which  we  are  to  collect  from  this  narrative,  is 
by  no  means  that  we  are  to  confine  onKelves  to  the  positive  discovery, 
and  reject  all  the  less  clear  and  cei-tain  speculations.  To  do  this,  would 
be  to  lose  most  of  the  chances  of  ulterior  progress  ;  for  though  it  may 
be,  that  our  conceptions  of  the  nature  of  organic  life  are  not  yet  snfS- 
ciently  precise  and  steady  to  become  the  gnides  to  positive  inductive 
truths,  still  the  only  way  in  which  these  peculiar  physiolo^cal  ideas 
can  be  made  more  distinct  and  precise,  aad  thus  brought  more  nearly 
into  a  scientific  form,  is  by  this  stru^le  with  our  ignorance  or  imper- 
fect knowledge.  This  is  the  le^on  we  have  iearnt  from  the  history  of 
physical  astronomy  and  other  sciences.  We  must  strive  to  refer  lacta 
which  are  known  and  understood,  to  higher  principles,  of  which  we 
caimot  doubt  the  existence,  and  of  which,  in  some  degree,  we  can  see 
the  place ;  however  dim  and  shadowy  may  be  the  glimpses  we  have 
hitherto  been  able  to  obtain  of  their  fonns.  We  may  often  fail  in 
such  attempts,  but  without  the  attempt  we  can  never  succeed. 
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That  tbe  food  is  received  into  tlie  stomacli,  there  undergoes  a  ohanga 
of  its  consistence,  and  is  then  propelled  along  the  intcstiiies,  are  obvious 
facts  in  the  animal  economy.  But  a  discovery  mads  in  the  course  of 
the  seventeenth  century  brought  into  clearer  light  the  sequel  of  this 
series  of  processes,  and  its  connexion  with  other  functions.  In  the 
year  1622,  Asellius  or  Aselli'  discovered  certain  minute  vessels, 
termed  laclmls,  which  absorb  a  white  liquid  (the  chyle)  from  the 
bowels,  and  pour  it  into  the  blood.  These  vessels  had,  in  fact,  been 
discovered  by  Eristratus,  in  the  ancient  world,'  in  the  time  of  Ptolemy  ; 
but  Aselli  was  the  first  modern  who  attended  to  them.  He  described 
them  ia  a  ti'eatise  entitled  Be  Venis  Lactds,  cumjiguns  eleganlissimts, 
printed  at  Milan  in  1627,  the  year  after  the  death  of  the  autlior.  The 
work  is  remarkable  as  the  first  which  exhibits  colored  anatomical  figures ; 
the  arteries  and  veins  are  represented  in  red,  the  lacteals  in  black. 

Eustachius,'  at  an  earlier  period,  had  dciscribed  (in  the  horse)  the 
thoracic  duct  by  which  the  chyle  ia  poured  into  the  subclavian  vein,  on 
the  right  side  of  the  neck.  But  this  description  did  not  excite  so  much 
notice  as  to  prevent  its  being  forgotten,  and  rediscovered  in  1550,  after 
the  knowledge  of  the  circulation  of  the  blood  had  given  more  impor- 
tance to  such  a  discovery.  Tip  to  this  time,'  it  had  been  supposed 
that  the  Jacteals  carried  tlie  chyle  to  the  liver,  and  that  the  blood  was 
manufactured  there.  This  opinion  had  prevailed  in  aJl  the  works  of 
the  ancients  and  moderns ;  its  falsity  was  iliscovered  by  Pecquet,  a 
French  physician,  and  published  in  1651,  in  his  JVem  Anatomical  Ex- 
periments;  in  which  are  discovered  a  receptacle  of  the  chyle,  un- 
known till  then,  and  the  vessel  which  conveys  it  io  the  subclavian 
vein.  Pecquet  himself,  and  other  anatomists,  soon  connected  this 
discovery  with  the  doctrine,  then  recently  promulgated,  of  the  circu- 
lation of  the  blood.  In  1665,  these  vessels,  and  the  lymphatics 
which  are  connected  with  them,  were  further  illustrated  by  Euysch 
ia  his  exhibition  of  their  valves,  (Dilucidatio  ualBularum,  in,  vasis 
lymphalkh  et  luctm.) 

Sect.  2. — The  ConseqaeiU  S^icculalkms.     Hypothesti,  of  Digation. 

Tirna  it  was  shown  that  aliments  taken  into  (he  stomach  are,  by  its 
action,  made  to  produce  chyme  ;  from  the  chyme,  gradually  changed 


'  Mayo,  Fhysiology,  p.  156.  '  Cut.  Jlist.  8c.  p.  5 
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in  its  progress  throitgk  the  intestines,  chyle  is  absoibed  hy  the  lac- 
teals  ;  and  this,  poured  into  the  blood  by  the  thoracic  duct,  repairs 
the  waste  and  nourishes  the  growth  of  the  animal.  But  by  what 
powers  is  the  food  made  to  undei^  these  transformations  ?  Can  wc 
eiplain  thcra  on  mechanical  or  on  chemical  principles?  Here  we 
come  to  a  part  of  physiology  less  certain  than  the  discovery  of  vessels, 
or  of  the  motion  of  fluids.  "We  have  a  namber  of  opinions  on  this 
subject,  but  no  universally  acknowledged  truth.  "We  have  a  collec- 
tion oi  Mi/pothems  of  Digestion  and  IfutritUm. 

I  shall  confine  myself  to  the  former  class ;  and  without  dwelling 
long  upon  these,  I  shall  mention  some  of  them.  The  philosopliers  of 
the  Academy  del  Gimento,  and  several  others,  having  experimented 
on  the  stomach  of  gallinaceous  birds,  and  observed  the  astonishing 
force  with  which  it  breaks  and  grinds  siihstances,  were  led  to  consider 
the  digestion  which  tates  place  in  the  stomach  as  a  kind  of  tritura- 
tion." Other  writers  thought  it  was  more  properly  described  as  fer- 
mentation ;  others  again  spoke  of  it  as  a  putrefacticm:  Varignon 
gave  a  merely  physical  acoonnt  of  the  firet  part  of  the  process,  main- 
taining that  the  division  of  the  aliments  was  the  effect  of  the  disen- 
ga^,  m  nt  of  th  ir  introduced  into  the  stomach,  and  dilated  by  the 
h  t  t  th  >  dy  The  opinion  that  digestion  is  a  solution  of  the  food 
by  th         tr    ju    e  has  been  moro  extensively  entertained. 

Spallanzan  a  d  others  made  many  experiments  on  this  subject. 
1  t  t  1  1  hy  the  host  physiologists,  that  the  changes  of  diges- 
t  n  1     a  1  qnately  represented  as  chemical  changes  ouly.     The 

nerves  of  the  stomach  (ihe  pne'amo-ffostru)  are  said  to  be  essential  to 
digestion.  Dr.  Wilson  Philip  has  asserted  that  the  influence  of  these 
nerves,  when  they  are  destroyed,  may  be  replaced  by  a  galvanic  cur- 
rent.' This  might  give  rise  to  a  supposition  that  digestion  depends 
on  galvanism.  Tet  we  cannot  doubt  that  all  these  hypotheses, — me- 
chanical, physical,  chemical,  galvanic — are  altogether  insufiicient. 
"  The  stomach  must  have,"  as  Dr.  Prout  says,'  "  the  power  of  orgauiz- 


'  Bourdon,  Physiol.  Comp.  p.  614, 

'  WSi&v  {Manual  of  Fkydology,  B.  iii.  Sect  1,  Chap,  iii.)  speais  of  Dr.  Wil- 
son Philip's  Bssertioii  that  the  nerves  of  tha  stomach  beuig  cut,  and  &  galvnnic 
current  kept  up  in  tliam,  digestJcm  is  atill  occompliahed.  He  states  that  he  and 
other  phywologists  have  repeated  such  expeiimentB  ou  an  estensive  scale,  and 
liava  found  no  effect  of  this  kind. 

'  BridgsKoier  Tr.  p.  495 
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ing  and  vitalizing  the  different  elementary  substances.  It  ia  impoa- 
sible  to  imagine  that  this  organizing  i^ency  of  the  stomach  can  be 
chemical.     This  agency  is  vital,  and  its  nature  completely  unknown." 


CHAPTER  ly. 

BXAMINATR-I    OF    THE    PhuCEB^    OP    KbPRSDUCTIOH    IN     ^BlMAtS    AND 

PlaXTS,  and  CoSBBftUENT  Spboulwions 
Sect.  1 — Thf  Emmmatton  of  the  Process  of  Re^t  nduction  m 

IT  wouU  not,  pcrhii  s  be  neLes9ar>  t  fjne  iny  more  (.xmiplcs  of 
what  has  hitherto  been  the  gcnei'^l  pio  ess  ot  inveati^itions  on 
each  brancli  of  physiology,  or  to  lUustiate  tmther  the  comlination 
which  such  researi-hes  preaent,  ot  certain  with  umertam  knowlc  l_,e , — 
of  solid  discoveries  of  organs  and  processes,  succeeded  by  mdefimte  and 
doubtful  speculation  concerning  vital  forces.  But  the  reproduction  of 
organized  beings  ia  not  only  a  subject  of  so  much  interest  as  to  require 
some  notice,  but  also  offers  to  us  laws  and  principles  which  include 
both  the  vegetable  and  the  animal  kingdom ;  and  which,  therefore,  are 
requisite  to  render  intelligible  the  most  general  views  to  which  we  can 
attain,  respecting  the  world  of  organization. 

The  iacts  and  laws  of  reproduction  were  first  studied  in  detail  in 
animals.  The  subject  appears  to  have  attracted  the  attention  of  some 
of  the  philosophers  of  antiquity  in  an  extraordinary  degree  :  and  indeed 
we  may  easily  imt^ne  that  they  hoped,  by  following  this  path,  if  any, 
to  solve  the  mystery  of  creation.  Aristotle  appears  to  have  pursued  it 
with  peculiar  complacency  ;  and  his  great  work  On  animals  contains' 
an  extraordinary  collection  of  curious  observations  relative  to  this  sub- 
ject. He  had  learnt  the  modes  of  reproduction  of  most  of  tlie  animak 
with  which  he  was  acquainted ;  and  his  work  is  still,  as  a  writer  of  our 
own  limes  has  said,'  "original  after  so  many  copies,  and  young  after 
two  thousand  years."  His  observations  referred  principally  to  the 
external  circumstances  of  generation  :  the  anatomical  examination  was 

'  Bourdon,  p.  161.  'ih.  \\  101, 
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left  to  his  successors.  Without  dwelling  on  the  inteimediate  labors, 
we  come  to  modern  times,  and  find  ttafc  this  examination  owes  its 
greatest  advance  to  those  who  had  the  greatest  share  in  the  discovery 
of  the  circulation  of  t!ie  blood ; — Fabricius  of  Acquapendente,  and  Har- 
vey. The  former'  published  a  valuable  work  on  the  Egg  and  the 
Chick.  In  this  are  given,  for  the  first  time,  figures  representing  the 
deveiopement  of  the  chick,  from  its  almost  imperceptible  beginning,  to 
the  moment  when  it  breaks  the  shell,  Harvey  pursued  the  researches 
of  his  teacher,  Charles'  the  First  had  supplied  him  with  the  means 
of  making  the  experiments  which  his  purpose  required,  by  sacrificing 
a  great  number  of  the  deer  in  Windsor  Park  in  the  state  of  gestation : 
but  his  principal  researches  were  those  respecting  the  egg,  in  which  he 
followed  out  the  views  of  Fabricius.  In  tiie  troubles  which  succeeded 
the  death  of  the  unfortunate  Charles  the  house  of  Harvey  was  pillaged ; 
and  he  lost  the  whole  of  the  labors  he  had  bestowed  on  the  generation 
of  insects.  Jik -work,  Uxercitaiiones  de  Generatione  Animalium,  vas, 
published  at  London  in  1651 ;  it  is  more  detailed  and  perfect  than 
that  of  Fabricius ;  but  the  author  was  prevented  by  the  unsettled  condi- 
tion of  the  country  irom  getting  figures  engraved  to  accompany  his 
descriptions. 

Many  succeeding  anatomists  pursued  the  examination  of  the  series 
of  changes  in  generation,  and  of  the  organs  which  are  concerned  in 
them,  especially  Malpighi,  who  employed  the  microscope  in  this  inves- 
tigation, and  whose  work  on  the  Chick  was  published  in  1673.  It  is 
impossible  to  give  here  any  general  view  of  the  result  of  these  laborious 
series  of  researches :  but  we  may  observe,  that  they  led  to  an  estremely 
Hiinute  and  exact  survey  of  all  the  parts  of  the  ffetus,  its  envelopes  and 
appendages,  and,  of  course,  to  a  designation  of  these  by  appropriate 
names.  These  names  afterwards  served  to  mark  the  attempts  which 
were  made  to  carry  the  analogy  of  animal  generation  into  the  vegeta- 
ble kingdom. 

There  is  one  generalization  of  Harvey  which  deserves  notice.'  He 
was  led  by  his  researches  to  the  conclusion,  that  all  living  things  may 
be  properly  said  to  come  from  eggs :  "  Oiune  vivum  ex  ovo."  Thus 
not  only  do  oviparous  animals  produce  by  means  of  e^s,  but  in  those 
which  are  viviparous,  the  process  of  generation  b^ns  with  the  deve- 
iopement of  a  small  vesicle,  which  comes  irom  the  ovaiy,  and  which 
exists  before  the  embryo :  and  Uius  viviparous  or  suckling-bessts,  notr 


'  Cuv.  Hut.  Sc  Mat.  p.  46.  *  lb.  p.  a: 
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withstanding  tkeir  name,  are  born  from  eggs,  as  well  as  birds,  fislies, 
and  reptiles."  This  principle  also  excludes  tliat  supposed  production 
of  organized  beings  without  parents  (of  worms  in  corrupted  matter,  for 
instance,)  which  was  formerly  called  spontaneous  gemration  ;  and  the 
best  physiologists  of  modeiTi  times  agxee  in  denying  the  reality  of  such 
a  mode  of  generation.' 

Sect.    2 — The    ^Examination    of    tkn    Process   of  Beproduciion  in 
Vegetables. 

Trb  extension  of  the  analo^es  of  animal  generation  to  the  vegetable 
ivorld  ft  as  tai  from  obvious.  This  extension  was  however  made ; — 
with  leleience  to  the  embryo  plant,  principally  by  the  microscopic 
observers,  Nehemiah  Grew,  Msrcello  Malpighi,  and  Antony  Leenwen- 
hoek  ; — with  respect  to  the  existence  of  the  sexes,  by  Linii£eus  and  his 
predece^ors. 

The  microscopic  labore  of  Grew  and  Malpighi  were  patronized  by 
the  Royal  Society  of  London  in  its  earliest  youth.  Grew's  book,  The 
Anatomy  of  Plants,  was  ordered  to  be  printed  in  16^0.  It  contains 
plates  representing  extremely  well  the  process  of  germination  in  various 
seeds,  and  the  author's  observations  exhibit  a  very  clear  conception  of 
the  relation  and  analogies  of  different  portions  of  the  seed.  On  the 
day  on  which  the  copy  of  this  work  was  laid  before  the  Society,  a 
communication  from  Malpighi  ofBoiog-as.,  Anatomes  Plantarum.  Idea, 
stated  his  researches,  and  promised  figures  which  should  illustrate 
them.  Both  authors  afterwards  went  on  with  a  long  train  of  valuable 
observations,  which  tiey  published  at  various  times,  and  which  contain 
much  that  has  since  become  a  permanent  portion  of  the  science. 

Both  Grew  and  Malpighi  were,  as  we  have  remarted,  led  to  apply 
to  vegetable  generation  many  terms  which  imply  an  analogy  with  the 
generatioa  of  animals.  Thns,  Grew  terms  the  innermost  coat  of  the 
seed,  the  secundine  ;  speaks  of  the  navel-Jihres,  &c.  Many  more  such 
terms  have  been  added  by  other  writers.  And,  as  has  been  observed 
by  a  modern  physiologist,'  the  resemblance  is  stiiking.  Both  in  the 
vegetable  seed  and  in  the  fertilized  animal  egg,  wo  have  an  embryo, 
ehalazte,  &  placenta,  an  umbilical  cord,  a  dcatricula,  an  amnios,  mem- 
branes, nourishing  vessels.  The  cotyledons  of  the  seed  are  the  equiva- 
lent of  the  vitellus  of  birds,  or  of  the  umhiliml  vesicle  oi 


'  Bourdon,  p.  'l-il.  '  lb.  p.  4U.  '  lb.  p.  384. 
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the  albumen,  ot  perisperm  of  the  grain  is  analogous  to  tlio  'lakile  of  the 
egg  of  birds,  or  the  allantoid  of  viviparous  animals. 

8exei  of  Plants. — The  attribution  of  sexes  to  plants,  is  a  notion 
which  was  very  early  adopted ;  but  only  gradually  unfolded  into  dis- 
tinctness and  generality.'  The  ancients  ivere  acquainted  with  the 
fecundation  of  vegetables.  Empedocles,  Aristotle,  Theophrastus,  Pliny, 
and  some  of  the  poets,  make  mention  of  it;  but  their  notions  were 
very  incomplete,  and  the  conception  was  again  lost  in  the  general  ship- 
wreck of  human  knowledge.  A  Latin  poem,  composed  in  the  fifteentk 
centnry  by  Jovianus  Pontanus,  tie  preceptor  of  Alphonso,  King  of 
Naples,  is  the  firat  modem  work  in  which  mention  is  made  of  the  sex 
of  plants.  Pontanus  sings  the  loves  of  two  date-palms,  which  grew  at 
tie  distance  of  fifteen  leagues  from  each  other:  themaleat  Brundusium, 
the  female  at  Otranto.  The  distance  did  not  prevent  the  female  from 
becoming  fruitful,  as  soon  as  the  palms  had  raised  their  heads  above 
the  surrounding  trees,  so  that  nothing  intervened  directly  between 
them,  or,  to  speak  with  the  poet,  so  that  they  were  able  to  see  each 
other. 

Zalazian,  a  botanist  who  lived  at  the  end  of  the  fifteenth  century, 
says  that  the  greater  part  of  the  species  of  plants  are  androgynes,  that 
is,  have  the  properties  of  the  male  and  of  the  female  united  in  the 
same  plant ;  but  that  some  species  have  the  two  sexes  in  separate 
individuals ;  and  he  adduces  a  passage  of  Pliny  relative  to  the  fecun- 
dation of  tlie  date-palm.  John  Bauhiu,  in  tlie  middle  of  the  seven- 
teenth century,  cites  the  espressions  of  Zaluzian ;  and  forty  years 
later,  a  professor  of  Tubingen,  Rudolph  Jacob  Camerarins,  pointed  out 
clearly  the  organs  of  generation,  and  proved  by  experiments  on  the 
mulberry,  on  maize,  and  on  the  plant  called  Mercury  (mercurialis), 
that  when  by  any  means  the  action  of  the  stamina  upon  the  pistils  is 
intercepted,  the  seeds  are  barren.  Caanerarius,  therefore,  a  philoso- 
pher in  other  respects  of  little  note,  has  the  honor  assigned  him  of 
being  the  author  of  the  discovery  of  the  sexes  of  plants  in  modem 
times.'" 

The  merit  of  this  discovery  will,  perhaps,  appear  more  considerable 
when  it  is  recollected  that  it  was  rejected  at  first  by  very  eminent 
botanists.  Thus  Toumefort,  misled  by  insufficient  experiments,  main- 
tained that  the  stamina  are  excretory  oi^ans ;  and  Keaumur,  at  the 
beginning  of  the  eighteenth  century,  inclined  to  the  same  doctrine. 

'  Mirbel,  Ml.  !i,  5se,  '"  Mirbel,  ii.  o3«. 
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Upon  this,  Geoffroy,  an  apothecary  at  Paris,  scrutinized  afresh  thu 
sexual  organs;  he  examined  the  various  forms  of  the  pollen,  already 
observed  by  Grew  and  Malpighi ;  he  pointed  out  the  excretory  canal, 
whicli  descends  through  the  style,  and  the  mieropyle,  or  minute  orifice 
in  tie  coata  of  tlie  ovule,  which  is  opposite  to  the  extremity  of  this 
canal ;  though  he  committed  some  mistakes  with  regard  to  the  nature 
of  the  pollen.  Soon  afterwards,  Sebastian  Vaillant,  the  pupil  of 
Tourneforf,  but  the  corrector  of  Lis  error  on  this  subject,  explained  in 
his  public  lectures  the  phenomenon  of  the  fecundation  of  plants,  de- 
scribed the  explosion  of  the  anthers,  and  showed  that  the  Jlorets  of 
composite  flowers,  though  foiined  on  the  type  of  an  androgynous 
flower,  are  sometimes  male,  sometimes  female,  and  sometimes  neuter. 
But  though  the  sexes  of  plants  had  thus  been  noticed,  the  subject 
drew  far  more  attention  when  Linnseus  made  the  sexual  parts  the 
basis  of  his  classification.  Camerarius  and  Burkard  had  already  enter- 
tained such  a  thought,  but  it  viss  Linnseus  who  carried  into  eflect,  and 
thus  made  the  notion  of  the  sexes  of  vegetables  almost  as  familiar  to 
na  as  that  of  the  sexes  of  animals. 


Sect.  3. — The  Consequent  Speculations. — HypotliBnes  of  Generation. 

The  views  of  the  processes  of  generation,  and  of  their  analogies 
throughout  the  whole  of  the  oj^nic  world,  which  were  thus  esta- 
blished and  diffused,  form  an  important  and  substantial  part  of  our 
physiological  knowledge.  That  a  number  of  curious  but  doubtful 
hypotheses  should  be  put  forward,  for  the  purpose  of  giving  further 
significance  and  connexion  to  thi^e  discoveiies,  was  to  be  expected. 
We  must  content  ourselves  with  spealdng  of  these  veiy  briefly.  We 
have  such  hypotheses  in  the  earliest  antiquity  of  Greece ;  for  as  we 
have  already  said,  the  speculations  of  cosmogony  were  the  source  of 
the  Greek  philosophy ;  and  the  laws  of  generation  appeared  to  offer 
the  best  pi-omise  of  knowledge  respecting  the  mystery  of  creation. 
Hippocrates  explained  the  production  of  a  new  animal  by  the  mixture 
of  seed  of  the  parents ;  and  the  offspring  was  male  or  female  as  the 
seminal  principle  of  the  father  or  of  the  mother  was  the  more  power- 
ful. According  to  Aristotle,  the  motlier  supplied  the  matter,  and  the 
father  the/oj-m.  Harvey's  doctrine  was,  that  the  ovary  of  the  female 
is  fertilized  by  a  seminal  eontagton  produced  by  the  seed  of  the  male. 
But  an  opinion  which  obtained  far  more  general  reception  was,  that 
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the  embryo  pre-exitiled  in  the  motlier,  before  any  union  of  the  sexes." 
It  is  easy  to  see  that  this  doctrine  is  accompanied  with  great  difficul- 
ties;" for  if  the  mother,  at  the  beginning  of  life,  contain  in  her  the 
embryos  of  all  her  future  children  ;  these  embryos  agmn  must  contain 
fie  children  which  they  are  capable  of  producing ;  and  so  on  indefi- 
nitely ;  and  thus  each  female  of  each  species  contains  in  herself  the 
germs  of  infinite  future  generations.  The  perplexity  which  is  involved 
in  this  notion  of  an  endless  series  of  creatures,  thus  encased  one  within 
another,  has  naturally  driven  inquirera  to  attempt  other  suppositions. 
The  microscopic  reseaixihea  of  Leeuwenhoek  and  others  led  them  to 
the  belief  that  there  are  certain  animalcules  contained  in  the  seed  of 
the  male,  which  are  the  main  agents  in  the  work  of  reproduction. 
This  system  ascribes  almost  everything  to  the  male,  as  the  one  last 
mentioned  does  to  the  female.  Knally,  we  have  the  system  of  Bnf- 
fon  ; — the  fiimons  hypothesis  of  organic  moleeales.  That  philosopher 
asserted  that  he  found,  by  the  aid  of  the  microscope,  all  nature  full  of 
moving  globules,  which  he  conceived  to  be,  not  animals  as  Leeuwen- 
hoek imagined,  but  bodies  capable  of  producing,  by  their  combination, 
either  animals  or  vegetables,  in  short,  all  organized  bodies.  These 
globules  he  called  m-ganic  molecules,"  And  if  we  inquire  how  these 
organic  molecules,  proceeding  from  all  parts  of  the  two  parents,  unite 
into  a  whole,  as  perfect  ss  either  of  the  progenitors,  Buffon  answers, 
that  this  is  the  effect  of  the  interior  mould  ;  that  is,  of  a  system  of 
internal  laws  and  tendencies  which  deteimine  the  form  of  the  result 
as  an  estenial  mould  determines  the  shape  of  the  cast. 

An  admirer  of  Buffon,  who  has  well  shown  the  untenable  character 
of  this  system,  has  urged,  as  a  kind  of  apology  for  tlie  promuJgatJou  of 
the  hypothesis,"  that  at  the  period  when  its  author  wrote,  he  could 
not  pr^ent  his  facts  with  any  hope  of  being  attended  to,  if  he  did  not 
connect  them  by  some  common  tie,  some  dominant  idea  which  might 
gratify  the  mind;  and  that,  acting  under  this  necessity,  he  did  well  to 
substitute  for  the  extant  theories,  already  superannuated  and  confe^edly 
imperfect,  conjectures  more  original  and  more  probable.  Without  dis- 
senting ftijm  this  view,  we  may  observe,  that  Buffon's  theoiy,  like  those 
which  preceded  it,  is  excusable,  and  even  deserving  of  admiration,  so  &• 
as  it  groups  the  fects  consistently ;  because  in  doing  this,  it  exhibitR 
the  necessity,  which  the  physiological  speculator  ought  to  feel,  of 
aspiring  to  definite  and  solid  general  principles ;  and  that  thus,  though 
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the  theory  may  not  be  estahlisJied  as  true,  it  may  be  useful  by  bringing 
into  view  the  real  nature  and  application  of  such  principles. 

It  is,  therefore,  according  to  om'  views,  unphilosophical  to  derive 
despair,  instead  of  hope,  from  the  imperfect  success  of  Buffon  and  his 
predecessors.  Yet  this  is  what  is  done  by  the  writer  to  whom  we 
refer.  "  For  me,"  says  he,"  "  I  vow  that,  after  having  long  meditated 
on  the  system  of  Buffon, — a  system  so  remarkable,  so  mgenious,  so 
well  matured,  so  wonderfnlly  connected  in  all  its  parts,  at  first  sight  so 
probable ; — I  confess  that,  after  this  long  stndy,  and  the  researches 
which  it  requires,  I  have  conceived  in  consec[uence,  a  distrust  of  my- 
self, a  skepticism,  a  disddn  of  hypothetical  systems,  a  decided  predilec- 
tion, and  exclusive  taste  for  pure  and  rational  observation,  in  shoi't,  a 
disheartening,  which  I  had  never  felt  before." 

The  best  remedy  of  such  feelings  is  to  be  found  in  the  history  of 
science.  Kepler,  when  he  had  been  driven  to  reject  the  solid  epicycles 
of  the  ancients,  or  a  pei^on  who  had  admired  Kepler  as  M.  Bourdon 
admires  Buffon,  but  who  saw  that  his  magnetic  virtue  was  an  untena- 
ble fiction,  might,  in  the  same  manner,  have  thrown  up  all  hope  of  a 
sound  theory  of  the  causes  of  the  celestial  motions.  But  astronomers 
were  too  wise  and  too  fortunate  to  yield  to  such  despondency.  The 
predecessors  of  Newton  substituted  a  solid  science  of  Mechanics  for  the 
v^ue  notions  of  Kepler ;  and  the  time  soon  came  when  Newton  him- 
self reduced  the  motions  of  the  heavens  to  a  Law  as  distinctly  con- 
ceived as  the  Motions  had  been  before. 


CHAPTER  V. 


Examination  of  tiik  Neevous  System,  akd  CoNf 
Spei 


9   /  1  —Tt    F    n     aio     f  tl    N     o  s  Sy     n 

IT  IB  harlly  nec^sssry  to  Uustrate  by  further  example    tke  manner 
m  whoh  anatomical  olser\-iton   has  prol  ced     o  ject    ol  and 
hypoiheti  al  attempts  t     c    ne  t  st      ture        !   a  ti  n       tl    some 
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higher  principlej  of  a  more  peculiarly  physiological  iied.  But  it  may 
still  be  instructive  to  notice  a  c^e  in  which  the  principle,  which  is 
thns  brought  into  view,  is  far  more  completely  elevated  above  the 
domain  of  matter  and  mechanism  than  in  those  we  have  yet  con- 
sidered ; — a  case  where  we  have  not  only  Irritation,  but  Sensation ; — 
not  only  Life,  but  Consciousness  and  Will.  A  part  of  science  in 
which  suggestions  present  themselves,  brings  us,  in  a  very  striiing 
manner,  to  the  passage  from  the  physical  to  the  hyperphysical  sciences. 
We  have  seen  already  (ciap.  i.)  that  Galen  and  his  predecessors  had 
satisfied  themselves  that  the  nerves  are  the  channels  of  perception;  a 
doctrine  which  had  been  distinctly  taught  hy  Herophilus'  in  the  Alex- 
andrian school,  Herophilus,  however,  still  combined,  under  the  com- 
mon name  of  Nerves,  the  Tendons ;  though  he  distinguished  such 
Nerves  from  those  which  arise  from  the  brain  and  the  spinal  marrow, 
and  which  are  subservient  to  the  will.  In  Galen's  time  this  subject 
had  been  prosecuted  more  into  detail.  That  anatomist  has  left  a  Trea- 
y  upon  The  Anatomy  of  the  Iferves  ;  in  which  he  describes 
Fairs  of  Nerves :  thus,  the  First  Pair  are  the  visual 
nerves :  and  wc  see,  in  the  language  which  Galen  uses,  the  evidence 
of  the  care  and  interest  with  which  ho  had  himself  examined  them, 
"Theso  nerves,"  he  says,  "are  not  resolved  into  many  fibres,  like  all 
the  other  nerves,  when  they  reach  the  organs  to  which  they  belong; 
but  spread  out  in  a  different  and  very  remarkable  manner,  which  it  is 
not  easy  to  describe  or  to  believe,  without  actnally  seeing  it,"  He 
then  gives  a  description  of  the  retina.  In  like  manner  he  describes 
the  Second  Pair,  which  is  distributed  to  the  muscles  of  the  eyes;  the 
Third  and  Fourth  Pairs,  which  go  to  tie  t«ngue  and  palate;  and  so 
on  to  the  Seventh  Pair,  This  division  into  Seven  Pairs  was  esta- 
blished by  Marinus,*^  but  Vesalius  found  it  to  be  incomplete.  The  ex- 
amination which  is  the  basis  of  the  anatomical  enumeration  of  the 
Nerves  at  present  recognized  was  that  of  "Willis.  His  boot,  entitled 
Cerebri  Anatome,  ad  acceasit  Nervorwm  descriptio  et  usus,  appeared  at 
London  in  166i.  He  made  impoi-tant  additions  to  the  knowledge  of 
tliis  subject.'  Thus  he  is  the  first  who  describes  in  a  distinct  n 
what  has  been  called  the  Nervous  Centre,*  the  pyramidal  « 
which,  according  to  more  recent  anatomiste,  are  the  commnnieation  of 
the  brain  with  the  spinal  marrow ;  and  of  which  the  Decussation, 
described  by  Santorini,  affords  the  explanation  of  the  action  of  a  part 
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of  the  brain  upon  the  nerves  of  the  opposite  side.  Willis  proved  also 
that  the  Sete  Mirabile,  the  remarkable  net-work  of  arteries  at  the 
base  of  the  brain,  observed  by  the  ancients  in  noniBating  animals,  does 
not  exist  in  man.  He  described  the  different  Pairs  of  Nerves  with 
more  care  than  his  predecessors ;  and  his  mode  of  nnmbering  them  is 
employed  up  to  the  present  time.  He  csdls  the  Oliaotory  Nerves  the 
First  Pair ;  provionsly  to  him,  these  were  not  reckoned  a  Pair  :  and 
thus  the  optic  nerves  were,  as  we  have  seen,  called  the  firet.  He 
added  the  Sixth  and  the  Ninth  Pairs,  which  the  anatomists  who  pre- 
ceded him  did  not  reckon.  "Willis  also  examined  carefully  the  different 
Cfanfflions,  or  knots  which  occur  upon  the  nerves.  He  traced  them 
wherever  they  were  to  be  found,  and  he  gave  a  general  figure  of  what 
Cavier  calls  the  mrvous  skeleton,  very  superior  to  that  of  Vesalius, 
which  was  coarse  and  inexact.  Willis  also  made  various  efforts  to 
show  the  connexion  of  the  pai-te  of  the  brain.  la  the  earlier  periods 
of  anatomy,  the  brain  had  been  examined  by  slicing  it,  so  aa  to  obtain 
a  section.  Varolius  endeavored  to  unravel  it,  and  was  followed  by 
Willis.  Vieq  d'Azyr,  in  modem  times,  has  carried  the  method  of  sec- 
tion to  greater  perfection  than  had  before  been  given  it ; '  as  Vieussens 
and  Gall  have  done  with  respect  to  the  method  of  Varolius  and  Willis. 
Recently  Professor  Chaussier"  makes  three  kinds  of  Nerves: — the 
SneepAaiie,  which  proceed  from  the  head,  and  are  twelve  on  each  side  ; 
— the  BacMdian,  which  proceed  from  the  spinal  marrow,  and  are 
thirty  on  each  side ; — and  Comjxyund  Serves,  among  which  is  the 
Great  Sympathetic  Nerve. 

One  of  the  most  haportant  steps  ever  made  in  onr  knowledge  of 
the  nerves  is,  the  distinction  which  Bichat  is  supposed  to  have  esta- 
blished, of  a  ganglkmic  system,  and  a  cereh-al  system.  And  we  may 
add,  to  the  discoveries  in  nervous  anatomy,  the  remarkable  one,  made 
in  our  own  time,  that  the  two  offices — of  conducting  the  motive  im- 
pr^ons  from  the  central  seat  of  the  will  to  the  muscles,  and  of  pro- 
pf^ting  sensations  from  the  surface  of  the  body  and  the  external 
oi^ns  of  sense  to  the  sentient  mind — reside  in  two  distinct  portions 
of  the  nervons  substance : — a  discovery  which  has  been  declared'  to 
be  '*  doubtless  the  most  important  accession  to  physiological  (anatomi- 
cal) knowledge  since  the  time  of  Harvey,"  This  doctrine  was  first 
published  and  taught  by  Sir  Charles  Bell :  after  an  interval  of  some 
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years,  it  was  more  distinctly  delivered  in  tho  publications  of  Mr.  Joint 
Shaw,  Sir  C.  Bell's  pupil.  Soon  afterwards  it  was  furtlier  confii-med, 
and  some  part  of  the  evidence  corrected,  by  Mr,  Mayo,  another  pupil 
of  Sir  C.  Bell,  and  by  M.  Majcndic' 

Sect,  2, — The  Consequent  Speculations.     Hypotheses  respecting  Life, 
Sensation,  and  Volition. 

I  8BALL  not  attempt  to  explain  the  details  of  these  anatomical  investi- 
gations ;  and  I  shall  speak  very  briefly  of  the  speculations  which  have 
been  suggested  by  the  obvious  subservience  of  tJie  nerves  to  life,  sen- 
sation, and  volition.  Some  general  inferences  from  their  distribution 
were  sufficiently  obvious  ;  as,  that  the  seat  of  sensation  and  volition  is 
in  the  brain.  Galen  begins  his  wort,  On  the  Anatomi/  of  the  JVerves, 
thus :  "  That  none  of  the  members  of  the  animal  either  exercises 
voluntary  motion,  or  receives  sensation,  and  that  if  the  nerve  be  cut, 
the  part  immediately  becomes  inert  and  insensible,  is  acknowledged 
by  all  physicians.  But  that  the  origin  of  tlie  nerves  is  partly  fi-om  the 
brain,  and  partly  from  the  spinal  marrow,  I  proceed  to  explain."  And 
in  his  worlc  On  the  Doctrines  of  Plato  and  Hippocrates,  he  proves  at 


'  As  authority  for  tha  eipressiona  which  I  have  now  used  in  the  text,  I  will 
mention.  Mviller'sJ/iinuaio/PAysWo^^  (4th  editjon,  1844).  In.  Book  iiL  See- 
tioa2,  Chap,  i,,  "  On  the  Heryes  of  Sensation  and  Motion,"  Muller  says,  "  Char- 
les Bell  was  the  first  who  bad  the  ingenions  thoiight  that  the  posterior  roots  of 
the  nerves  of  the  spine — those  which  we  furnislied  with  a  ganglion — govern 
sensation  only ;  that  the  anterior  roots  are  appointed  for  motion ;  and  thai  the 
primitive  fibres  of  these  roots,  after  being  united  in  a  single  nervous  cord,  are 
mingled  together  in  order  to  supply  the  wants  of  the  skin  and  muscles.  He 
developed  this  idea  in  a  little  work  (An  Idea  of  a  Tiew  Anatomy  of  the  Brain, 
London,  1811),  which  was  not  intended  to  travel  beyond  tha  circle  of  his 
friends."  Muller  goes  on  to  say,  that  eleven  yeoi's  later,  Mnjendie  proseouted 
the  same  theory,  ButMr.  Alexander  Shaw,  in  1839,  published  A  Narrative  of 
the  Siacoveries  of  Sir  Charles  Bell  in  the  Nervous  Syttem,  in  which  it  appears 
that  Sir  Charles  Bell  had  fiuAer  e^ounded  his  views  in  hie  lectures  to  his  pu- 
pils (p.  89),  and  that  one  of  these,  Mr.  John  Shaw,  had  in  various  publications, 
in  1S21  and  I82S,  further  insisted  upon  the  same  views;  especially  in  a  Memoir 
On  Partial  Paralysis  (p.  76).  MM.  Mayo  and  Majendie  both  published  Me- 
moirs in  Ai^ust,  1822 ;  and  these  and  subsequent  works  confirmed  the  doctrine 
of  Bell.  Ml'.  Alexander  Shaw  states  {p.  9*7),  that  a  mistake  of  Sir  Charles 
Bell's,  in  an  esperiment  which  he  had  made  to  prove  his  doctrine,  was  disco- 
vered through  the  joint  labors  of  M.  Majendie  and  Mr,  Mayo. 
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^i:"it  l^ngtli"  thit  thp  bum  is  the  uiigm  of  sens'\tion  and  motion, 
retubng  tlie  opiniona  of  eaiher  dajs,  as  that  of  Ohiysippus,"  who 
placed  the  hegemmtc,  oi  master  pnaoiplo  of  the  botiI,  in  the  heart. 
But  though  Galen  thought  that  the  lational  "ioul  resides  in  the  hrain, 
he  w-a  disposed  to  agiee  xvith  the  poets  and  philosophers,  according 
to  whom  the  heart  is  the  seat  of  courage  and  anger,  and  the  liver  the 
seat  of  love."  The  faculties  of  the  soul  were  by  succeeding  physiolo- 
gists confined  to  the  brain ;  but  the  disposition  still  showed  itself^  to 
attribute  to  them  distinct  localities.  Thus  Willis"  places  the  imagi- 
nation in  the  eoi-pzi^^  ectUosum,  the  memory  in  the  folds  of  the  Iiemi- 
spheres,  the  perception  in  the  corpus  striatum.  In  more  recent  times, 
a  system  foimded  upon  a  similar  view  has  been  further  developed  by 
Gall  and  bis  foEowers.  The  germ  of  Gall's  system  may  be  eonsidered 
as  contained  in  that  of  Willis  ;  for  Gall  represents  the  hemispheres  as 
the  folds  of  a  great  meinbrtne  which  is  capable  of  being  unwrapped 
and  spreatl  out,  and  pkocs  the  different  facnlties  of  man  in  the 
diffeient  regioni  ot  this  membrane  The  chasm  which  intervenes 
between  matter  and  motion  on  the  one  side,  and  thought  and  feeling 
on  the  othei,  is  brought  into  view  by  all  such  systems  ;  but  none  of 
the  hypotheses  which  they  invohe  can  effectually  bridge  it  over. 

The  same  observation  may  be  made  respecting  the  attempts  to 
explain  the  manner  in  which  the  nerves  operate  as  the  insti-uments  of 
sensation  and  volition.  Perhaps  a  real  step  was  made  by  Qliaaon," 
professor  of  medicine  in  tho  University  of  Cambridge,  who  dis- 
n  the  fibres  of  the  muscles  of  motion  a  peculiar  property, 
it  from  any  merely  mechanical  or  physical  action.  His  work 
Oil  the  JVatare  of  the  Energetic  Substance,  or  on  the  lAfe  of  IJ'ature 
and  of  its  Three  First  FacKlties,  The  Perceptive,  Appetitive,  and 
Motive,  which  was  published  in  10'72,  is  rather  metaplysical  than 
physiolo^cal.  But  the  principles  which  he  establishes  in  this  treatise 
he  applies  more  specially  to  physiology  in  a  treatise  On  the  Stomach 
and  Intestines  (Amsterdam,  1677).  In  this  he  ascribes  to  the  fibres 
of  the  animal  iDody  a  peculiar  power  which  he  calls  Irritability.  He 
divides  irritation  into  natuial,  vital,  and  animal ;  and  he  points  out, 
though  briefly,  the  griduo!  dificrences  of  irritability  in  different 
oigans     "It  IS  lurlh   crmjii'hcnsible,"  says  SprengeJ,"  "how  this 
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]ucid  and  excellent  notion  of  the  Cambridge  teaclier  was  not  accepted 
with  greater  alacrity,  and  further  unfolded  by  his  contemporaries."  It 
has,  however,  since  been  universally  adopted. 

But  though  the  discrimination  of  muscular  irritability  as  a  ^wculiai' 
power  might  be  a  useful  step  in  physiological  research,  the  explanations 
hitherto  offered,  of  the  way  in  which  the  nerves  operate  on  this  irritar 
bility,  and  dischai^e  their  other  offices,  present  only  a  seri^  of  hypo- 
theses. Glisson"  assumed  the  existence  of  certain  vital  spirits,  which, 
according  to  him,  are  a  mild,  sweet  fluid,  resembling  the  spirituous  part 
of  white  of  egg,  and  residing  in  the  nerves. — This  hypothsiis,  of  a  very 
subtle  humor  or  spirit  existing  in  the  nerves,  was  indeed  very  early 
tafeen  up."  This  nervous  spirit  had  been  compared  to  air  by  Erasis- 
tratus,  Asclepiades,  Galen,  and  othere.  The  chemical  tendencies  of  tJie 
seventeenth  century  led  to  its  being  described  as  acid,  sulphureous  or 
nitrous.  At  the  end  of  that  century,  the  hypothesis  of  an  ethei-  attracted 
much  notice  as  a  means  of  accounting  for  many  phenomena  ;  and  this 
ether  was  identified  with  the  neiTous  fluid.  Newton  himself  inclines 
to  this  view,  in  the  remarkable  Queries  which  are  annexed  to  his 
Oplicks.  Aft«r  ascribing  many  physical  effiscts  to  hia  ether,  he  adds 
(Query  23),  "Is  not  vision  performed  chiefly  by  the  vibrations  of  this 
medium,  excited  in  the  bottom  of  the  eye  by  the  rays  of  light,  and 
propagated  through  the  solid,  pellucid,  and  uniform  capillamenta  of 
the  nerves  into  the  place  of  sensation  V  And  (Query  24),  "  Is  not 
animal  motion  performed  by  the  vibrations  of  this  medium,  excited  in 
the  brain  by  the  power  of  the  will,  and  propagated  from  tlience  through 
the  capillamenta  of  the  nerves  into  the  muscles  for  contracting  and 
dilating  them !"  And  an  opinion  approaching  this  has  been  adopted 
by  some  of  the  greatest  of  modem  physiologists ;  as  Haller,  who  says," 
that,  though  it  is  more  easy  to  find  what  this  nervous  spirit  is  not  than 
what  it  is,  be  conceives  that,  while  it  must  he  fai'  too  fine  to  be  per- 
ceived by  tbe  sense,  it  must  yet  be  more  gross  than  fire,  magnetism, 
or  electricity;  so  that  it  may  be  contained  in  vessels,  and  confined  by 
boundaries.  And  Cuvier  speaks  to  the  same  effect :"  "  There  is  a  great 
probability  that  it  is  by  an  imponderable  fluid  that  tlte  nei-ve  acts  on 
the  fibre,  and  that  this  nervous  fluid  is  drawn  from  the  blood,  and 
secreted  by  the  medullary  matter." 

Without  presuming  to  dissent  from  sncli  authorities  on  a  point  of 

"Spr.  iv.  S8.  '"  Holler,  Phyuol  iv.  3G6. 

"  Physiol,  iv.  381,  lib.  x.  sf.aL  viii.  §  15.  '"  lUgne  Animal,  Introd.  p.  30 
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anatomical  probability,  wc  may  venture  to  otserve,  that  these  hypo- 
theses do  not  tend  at  all  to  elucidate  the  physiological  principle  which 
is  here  involved ;  for  this  principle  cannot  be  mechanical,  chemical,  or 
physical,  and  therefore  cannot  be  better  understood  by  embodying  it 
in  a  floid ;  the  difficulty  we  have  in  conceiving  what  the  moving  force 
is,  is  not  got  rid  of  by  explaining  the  machinery  by  which  it  is  merely 
transferred.  In  tracing  the  phenomena  of  sensation  and  volition  to 
their  cause,  it  is  clear  that  we  must  call  in  some  peculiar  and  hyper- 
physical  principle.  The  hypothesis  of  a  flnid  is  not  made  more  satis- 
factory by  attenuating  the  fluid ;  it  becomes  sul^tle,  spirituous,  ethereal, 
imponderable,  to  no  purpose ;  it  must  cease  to  be  a  fluid,  before  its 
motions  can  become  sensation  and  volition.  This,  indeed,  is  acknow- 
ledged by  most  physiologists  ;  and  strongly  stated  by  Cuvier.'"  "  The 
impression  of  external  objects  upon  the  Me,  the  production  of  a  sensa- 
tion, of  an  image,  is  a  mystery  impenetrable  for  our  thoughts."  And 
in  several  places,  by  the  use  of  this  peculiar  phrase,  "  th^  Jwe,"  (le  mm,) 
for  the  sentient  and  volent  faculty,  he  marks,  with  peculiar  appropri- 
ateness and  force,  that  phraseology  borrowed  from  the  world  of  matter 
will,  in  this  subject,  no  longer  answer  our  purpose.  We  have  here  to 
go  from  Nouns  to  Pronouns,  from  Things  to  Persons,  We  pass  from 
the  Body  to  the  Soul,  fi-om  Physics  to  Metaphysics.  We  are  come  to 
the  borders  of  material  philosophy;  the  next  step  is  into  the  domain 
of  Thought  and  Mind.  Here,  therefore,  we  begin  to  feel  that  we  have 
reached  the  boundaries  of  our  present  subject.  The  examination  of 
that  which  lies  beyond  them  must  be  reserved  for  a  philosophy  of 
another  tind,  and  for  the  labora  of  the  future  ;  if  we  are  ever  enabled 
to  make  the  attempt  to  extend  into  that  loftier  and  wider  scene,  the 
principles  which  we  gather  on  the  ground  we  are  now  laboriously 
treading. 

Such  speculations  as  I  have  quoted  respecting  the  nervous  fluid,  pro- 
ceeding irom  some  of  the  greatest  philosophers  who  ever  lived,  prove 
only  that  hitherto  the  endeavor  to  comprehend  the  mystery  of  percep- 
tion and  will,  of  life  and  thought,  have  been  fruitless  and  vain.  Many 
anatomical  truths  have  been  <liscovered,  but,  so  far  as  our  survey  has 
yet  gone,  no  genuine  physiological  principle.  All  the  trains  of  physiolo- 
gical research  which  we  have  followed  have  begun  in  exact  examination 
of  oi^anization  and  function,  and  have  ended  in  wide  conjectures  and 
arbitrary  hypotheses.     The  stream  of  knowledge  in  all  such  cases  is 

"  Itegne  Animal,  Intrad.  p.  47. 
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clear  and  lively  at  its  outsat ;  but,  instead  of  lyacLiiig  tlie  great  ocean 
of  the  general  trutlia  of  science,  it  is  gi'aduaUy  spread  abroad  among 
sauds  and  deserts  till  its  coui'se  can  be  traced  no  Jonger. 

Hitherto,  therefore,  we  must  consider  that  we  have  had  to  tell  the 
Btory  of  the  failures  of  physiological  speculation.  But  of  late  there 
have  come  into  view  and  use  among  physiologists  certain  priBciplea 
Tvhich  may  be  considered  as  peculiar  to  organiaed  subjects ;  and  of  which 
the  introduction  forms  a  real  advance  in  orgaiiical  science.  Though 
these  have  hitlierto  been  very  imperfectly  developed,  we  must  endeavor 
to  exhibit,  in  some  measure,  their  history  and  hearing. 

[2nd  Ed.]  [In  order  to  show  that  I  am  not  unaware  how  imperfect 
the  sketch  given  in  this  wort  i?,  as  a  History  of  Physiology,  I  may 
refer  to  the  farther  discussions  on  these  subjects  contained  in  the 
Philosophy  of  the  Inductive  Sciences,  Boolt  ix.  I  have  there  (Chap, 
ii.)  noticed  the  successive  Siological  Syntheses  of  the  Mystical,  the 
latrochemical,  and  latromathematical  Schools,  the  Yital-Fluid  School, 
and  the  Psychical  School.  I  have  (Ohapa.  iii.,  iv.,  v.)  examined  several 
of  the  attempts  which  have  been  made  to  analyze  the  Idea  of  Life,  to 
classify  Vital  Functions,  and  to  form  Ideas  of  Separate  Vital  Forces. 
I  have  considered  in  pai'ticnlar,  the  attempts  to  form  a  distinct  concep- 
tion of  AsEimilaliou  and  Secretion,  of  Generation,  and  of  Voluntary 
Motion;  and  I  have  (Chap,  vi.)  farther  discussed  the  Idea  of  Final 
Causes  as  employed  in  Eiologj-.] 


CHAPTER  VI. 

Inxeoduciiok   Of  THE   Peiscipi.e    of   Dbveloi 
PH03ED  Symmetry. 


Sect.  I. — Vegetalle  Morplwlcigy.     Cfothe.     De  Candolle. 

BEFOP.E  we  proceed  to  consider  the  progress  of  principles  which 
belong  to  animal  and  human  life,  saoh  as  have  just  been  pointed  at, 
we  must  loot  round  for  such  docbines,  if  any  such  there  be,  as  apply 
alike  to  all  organized  beings,  conscious  or  unconscious,  fixed  or  loco- 
motive ; — to  the  laivB  which  regnlate  vegetable  as  well  as  animal  forms 
and  functions.     Though  we  ave  very  far  from  being  able  to  present  a 
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clear  and  connected  code  of  such  laws,  we  may  refer  to  one  law,  at 
leaat,whichappeara  to  be  of  genuine  authority  and  validity;  and  which 
is  worthy  oiu'  attention  as  an  example  of  a  properly  oi^anical  or  phy- 
siological principle,  distinct  irom  all  mechanical,  chemical,  or  other 
physical  forces;  and  such  as  cannot  even  be  conceived  to  be  resolvable 
info  those.  I  apeak  of  the  tendency  ■which  produces  such  results 
as  have  been  brought  together  in  recent   speculations  upon  Mor- 


It  may  perhaps  be  r^rded  as  indicating  how  peculiar  are  the  prin- 
ciples of  oi^anic  life,  and  how  far  removed  from  any  mere  mechanical 
action,  that  the  leading  idea  in  these  speculations  was  first  strongly 
and  effectively  apprehended,  not  by  a  laborious  experimenter  and  rea- 
aoner,  but  by  a  man  of  singularly  brilliant  and  creative  fency;  not  by 
a  mathematician  or  chemist,  but  by  a  poet.  And  we  may  add  further, 
that  this  poet  had  already  shown  himself  incapable  of  rightly  appre- 
hending the  relation  of  physical  facts  to  their  principles;  and  had,  in 
tiding  his  powers  on  such  subjects,  exhibited  a  signal  in&tance  of  the 
ineffectual  and  perverse  operation  of  the  method  of  philosophizing  to 
which  the  constitution  of  his  mind  led  him.  The  person  of  whom  wo 
speak,  is  John  "Wolfgang  Gothe,  who  is  held  by  the  unanimous  voice 
of  Europe,  to  have  been  one  of  the  greatest  j-oets  of  our  oivn,  or  of  any 
time,  and  whose  Doctrine  of  Colors  we  have  -Jready  had  to  describe, 
in  the  History  of  Optics,  as  an  entire  tailui  "iet  his  views  on  the 
laws  which  connect  the  forms  of  plants  into  ne  s  mple  system,  have 
been  generally  accepted  and  followed  n[  We  n  ght  almost  be  led  to 
think  that  this  writer's  poetical  endowments  had  contributed  to  this 
scientific  discovery ; — the  love  of  beauty  of  form,  by  fixing  the  attention 
upon  the  symmetry  of  plants ;  and  tbe  creative  habit  of  thought,  by 
malting  constant  developement  of  a  familiar  process.' 


^  We  may  quote  some  of  the  poet's  own  vei'sos  ae  aa  illustriition  of  liis  feel- 
gfl  on  this  Bubjeot.    They  are  addressed  to  a  lady. 

Dieli  Torwirrct,  geliebte,  die  tausendfaltigc  mieohung 

Dieses  blvuBengewiihla  iibar  dem.  garfen  umker ; 
Viale  nameo  hflrest  du  aa,  im<i  immer  vardrSnget, 

Mit  barbarisohem  tlacg,  ainer  deu  andem  im  ohr. 
AUegestalten  sindiiMioh  nnd  kaine  gleiehet  dei-andern; 

Und  so  deuiet  das  ehor  aaf  ein  geheimas  gesetz, 
Aiif  ein  heiliges  rathael.     0 !  konnte  ieb  dioh,  liebliche  frenndinn, 

Febcrliefecn  so  gleioh  glfloklich  dos  losende  wort. 
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But  tliougli  ive  cannot  but  remark  tlie  pcouliarity  of  our  being 
indebted  to  a  poet  for  the  discovery  of  a  scientific  principle,  we  must 
not  forget  that  he  himself  Iield,  that  in  mating  this  step,  he  had  beeu 
guided,  not  hy  his  invention,  but  by  observation.  He  repelled,  witli 
extreme  repugnance,  the  notion  that  he  had  snbstitutjsd  fency  for  fact, 
or  imposed  ideal  laws  on  actual  things.  "While  he  was  earnestly  pur- 
suing his  morphological  speculations,  he  attempted  to  impress  thom 
apou  Schiller.  "I  expounded  to  him,  in  as  lively  a  manner  as  possi- 
ble, the  metamorphosis  of  plants,  drawing  on  paper,  with  many  cha- 
.  racteristic  strokes,  a  symbolic  plant  before  his  eyes.  He  heard  me," 
■  Giithe  says,'  "  with  much  interest  and  distinct  comprehension ;  hut 
when  I  had  done,  he  shook  his  head,  and  said,  'That  is  not  Expe- 
rience ;  that  is  an  Idea :'  il  stopt  with  some  degree  of  irritation ;  for 
the  point  which  separated  us  was  marked  most  luminously  by  this 
expression."  And  in  the  same  work  he  relates  Ms  botanical  studies 
and  his  habit  of  observation,  from  which  it  is  easily  seen  that  no  com- 
mon amount  of  knowledge  and  Botice  of  details,  were  involved  in  the 
couree  of  thought  which  led  him  to  the  principle  of  the  Metamorphosis 
of  Plants. 

Before  I  state  the  history  of  this  principle,  I  may  be  allowed  to 
endeavor  to  communicate  to  the  reader,  to  whom  this  subject  is  new, 
some  conception  of  the  principle  itself.  This  will  not  be  difiicnit,  if  he 
will  imagine  to  himself  a  flower,  for  instance,  a  common  wild-rose,  or 
the  blossom  of  an  apple-tre    a        is  t  ng    f  a  of  parts  disposed 

in  iBhorh,  placed  one  over  an  tl         n  an  a  The  lowest  whorl  is 

the  calyx  with  its  five  sepal,     ab        tl  ti         roUa  with  its  five 

petals ;  above  this  are  a  n  Itit  d  f  tam  %  wh  ch  may  he  consi- 
dered as  separate  whorls  of  fi  ich  ften  p  ated  above  these  is  a 
whorl  composed  of  the  ova  s,  wh  t  >  n  th  eed-vessels  in  the 
fruit,  which  are  five  united  tt^ether  in  the  apple,  but  indefinite  in  num- 
ber and  separate  in  tlie  rose.     Now  the  morphological  view  is  this; — 


Thou,  mj  love,  art  perplext  with  the  endlesB  seeming  confusion 

Of  the  loKuriant  weoltli  wMch  in  the  garden  is  spread ; 
Hame  upon  name  thou  hearest,  aud  in  thy  diesntiefied  hearing, 

Witt  a  harbarian  noise  one  diives  another  along. 
All  the  forme  resemble,  jet  none  is  the  same  as  another; 

Thus  the  whole  of  the  throng  points  at  a  deep  hidden  law. 
Points  at  a  sacred  riddle.     Oh  1  could  I  to  thee,  my  beloved  friend. 

Whisper  the  fortunate  word  by  which  tlie  riddle  is  read ! 
''  Zur  Morphology,  p,  'li. 
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that  the  members  of  each  of  these  whorls  are  in  their  nature  identical, 
and  the  same  as  if  they  were  whorls  of  ordinary  leaves,  brought 
together  by  the  shortening  their  common  axis,  and  modified  in  fonn 
by  the  snccessive  elaboration  of  their  nutriment.  Further,  according 
to  this  view,  a  whorl  of  leaves  itself  is  to  be  considered  as  identical  with 
several  detached  leaves  dispersed  spirally  along  the  axis,  and  brought 
together  because  the  axis  is  shortened.  Thus  all  the  parts  of  a  plant 
are,  or  at  least  represent,  the  successive  metamorphoses  of  the  same 
elementary  member.  The  root^leaves  thus  pass  into  the  common 
leaves; — these  into  bractese; — these  into  the  sepals; — these  into  the 
petals ; — these  into  the  stamens  with  their  anthers ; — these  into  tJie 
ovaries  with  their  styles  and  stigmas ; — these  ultimately  become  the 
fruit;  and  thus  we  are  finally  led  to  the  seed  of  a  new  plant. 

Moreover  the  same  notion  of  metamorphosis  may  be  applied  to 
explain  the  existence  of  flowers  which  are  not  symmetrical  like  those 
we  have  just  referred  to,  but  which  have  an  iiTegular  corolla  or  calyx. 
The  papilionaceous  flower  of  the  pea  tribe,  which  is  so  markedly  irre- 
gular, may  be  deduced  by  easy  gradations  from  the  regniai-  flower, 
{through  the  mimosece,)  by  expanding  one  petal,  joining  one  or  two 
others,  and  modifying  the  form  of  the  intermediate  ones. 

Without  attempting  to  go  into  detail  respecting  the  proofe  of  that 
identity  of  all  the  different  organs,  and  all  the  different  forms  of  plants, 
which  is  thus  a.=iserted,  we  may  observe,  that  it  rests  on  such  grounds 
as  these  ; — the  transformaiaons  which  the  parta  of  flowers  undergo  by 
accidents  of  nutriment  or  exposure.  Such  changes,  considered  as  mon- 
strosities where  they  are  very  remarkable,  show  the  tendencies  and 
possibilities  belonging  to  the  organization  in  which  they  occur.  For 
instance,  the  single  wild-rose,  by  culture,  transforms  many  of  its  nume- 
rous stamens  into  petals,  and  thus  acquires  the  deeply  folded  flower 
of  the  double  garden-rose.  We  cannot  doubt  of  the  reality  of  this 
change,  for  we  often  see  stamens  in  which  it  is  incomplete.  In  other 
cases  we  find  petals  becoming  leaves,  and  a  branch  growing  out  of  the 
centre  of  the  flower.  Some  pear-trees,  when  in  blossom,  are  remark- 
able for  their  tendencies  to  such  monstrosities.'  Again,  we  find  that 
fiowers  which  are  usually  irregular,  occasionally  become  regular,  and 
conversely.  The  common  snap-dragon  {lAnaria  vulgaris)  affords  a 
curious  instance  of  this.*  The  usual  form  of  this  plant  is  "  personate," 
the  corolla  being  divided  into  two  lobes,  which  diff'er  in  form,  and 


"  Lindley,  j\*n(,  Syst.  p.  84.  '  Ilenslow,  PrinctpUs  of  Boiimy,  p.  116. 
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togetliei'  present  somewliat  tlie  appearance  of  aii  aniiBaVs  face ;  and 
the  upper  portion  of  the  corolla  is  prolonged  backwards  into  a  tube- 
liie  "spur."  No  flower  can  be  more  irregular;  but  thoicis  a  singular 
variety  of  this  plant,  termed  Peloria,  in  which  the  corolla  is  strictlj 
symmetrical,  consisting  of  a  conical  tube,  narrowed  infron^  elongated 
behind  into  five  equal  spurs,  and  containing  five  stamens  of  equal 
length,  instead  of  the  two  unequal  pairs  of  the  didyn«unous  Lmaiit 
These  and  the  like  appearances  show  that  there  is  in  nature  a  capacitj 
for,  and  tendency  to,  mch  changes  as  the  doctrine  of  metamorphosis 

Gothe's  Meiamot-phosis  of  Plants  was  published  1790  :  and  his  sys- 
tem was  the  result  of  his  own  independent  course  of  thought.  The 
view  -which  it  involved  was  not,  however,  absolutely  new,  though  it  bail 
never  before  been  unfolded  in  so  distinct  and  persuasive  a  manner. 
Linnteus  considered  the  leaves,  calyx,  corolla,  stamens,  each  as  evolved 
in  succession  from  the  other ;  and  spoke  of  it  as  prolepsis  or  antidpa- 
tioii,"  when  the  leaves  changed  accidentally  into  bracteie,  these  into  a 
calyx,  this  into  a  corolla,  the  corolla  into  stamens,  or  these  into  the 
pistil.  And  Caspar  Wolf  apprehended  in  a  more  general  manner  the 
sanjc  principle.  "  In  the  whole  plant,"  says  he, '  "  we  see  nothing  but 
leaves  and  stalk ;"  and  in  order  to  prove  what  is  the  situation  of  the 
leaves  in  all  their  later  forms,  he  adduces  the  cotyledons  na  the  first 
leaves. 

.  Qothe  was  led  to  his  system  on  this  subject  by  his  general  views  of 
nature.  He  saw,  he  says,'  that  a  whole  life  of  talent  and  labor  was 
requisite  to  enable  any  one  to  arrange  the  infinitely  copious  organic 
forms  of  a  single  kingdom  of  nature.  "  Yet  I  felt,"  he  adds,  "  that  for 
me  there  must  be  another  way,  analogous  to  the  rest  of  my  habits. 
The  appearance  of  the  changes,  round  and  round,  of  organic  creatures 
had  tE^en  strong  hold  on  my  mind.  Imagination  and  Nature  appeared 
to  me  to  vie  with  each  other  which  could  go  on  most  boldly  yet  most 
consistently."  His  observation  of  nature,  directed  by  such  a  thought, 
led  him  to  the  doctrine  of  the  metamorphosis. 

In  a  later  republication  of  his  work  {Zur  Morplhologie,  181'?,)  he 
gives  a  very  agreeable  account  of  the  various  circumstances  which 
.■eception  and  progress  of  his  doctrine.     Willdenow'  quoted 


engel,  Bot.  ii.  302.    Arifen.  Aead.  v 
I.  Con.  Ac.  Fdrop.  xii,  403,  xiii.  47B 
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him  thus: — "Tlie  life  of  pliuts  la  as  Mi  Gothe  veiy  prettily  aaya,  an 
expansion  and  contraction,  and  thee  alternations  mate  the  venous 
periods  of  life."  "This  '■prettily,^"  s^ys  Gotlie,  "I  can  be -n  ell  content 
with,  but  the  ^egregie^  of  listen  is  ranch  moiepietty  and  obhging" 
XJsteri  had  nsed  this  term  leipecting  GtJthe  m  an  edition  of  Jussieu 

The  application  of  tiie  notion  of  metamorphosis  to  the  explanation 
of  double  and  monstrous  flowers  had  been  male  pie^jously  bj  Juisien 

Gotho's  merit  was,  to  ha^  e  referred  to  it  the  letjulai  foimation  ot 
the  flower.  And  as  Sprengel  jnstly  says,"  bis  view  had  ho  piofonnd  a 
meaning,  made  so  strong  an  appeal  by  its  simplicity,  and  was  bo  fruit- 
ful in  the  most  valuable  consequences,  that  it  was  not  to  be  wondered 
at  if  it  occasioned  further  examination  of  the  subject;  although  man? 
peisona  pretend  to  slight  it.  The  task  of  confirming  and  venfy  n^  the 
doctrine  by  a  general  application  of  it  to  all  cases, — a  1  1  o  o  mpor 
taut  and  necessary  afl«r  the  promulgation  of  any  gr  at  j  pie  — 
Giithe  himself  did  not  execute.  At  first  he  collected  }  oc  me  s  dn  1 
made  drawings  with  some  such  view,"  but  he  was  nterr  i  ted  and 
diverted  to  other  matters,  "  And  now,"  says  he,  in  his  latei  publica- 
tion, "  when  I  loot  back  on  this  undertaking,  it  is  easy  to  see  tliat  the 
object  which  I  had  before  my  eyes  was,  for  me,  in  my  position,  with 
my  habits  and  mode  of  thinking,  unattainable.  For  it  was  no  less  than 
this  :  that  I  was  to  take  that  which  I  had  stated  in  generaJ,  and  pre- 
sented to  the  conception,  to  the  mental  intuition,  in  words  ;  and  that 
I  should,  in  a  particularly  visible,  orderly,  and  gi-adual  manner,  preawit 
it  to  the  eye ;  so  as  to  show  to  the  outward  sense  that  out  of  the  germ 
of  this  idea  might  grow  a  tree  of  physiology  fit  to  overshadow  the 
world." 

Voigt,  professor  at  Jena,  was  one  of  the  first  who  adopted  Gothe's 
view  into  an  elementary  wort,  which  he  did  in  1808.  Other  bota- 
nists labored  in  the  direction  which  had  thns  been  pointed  out.  Of 
those  who  have  thns  contributed  to  the  establishment  and  develope- 
inent  of  the  metamorpbic  doctrine.  Professor  De  Candolle,  of  Geneva, 
is  perhaps  the  most  important.  His  Theory  of  Developeraent  rests 
upon  two  main  principles,  abortion  and  adhesion.  By  considering 
some  parts  as  degenerated  or  absent  through  the  abortion  of  the  buds 
which  might  have  formed  them,  and  other  pai-ta  as  adhering  together, 
he  holds  that  all  plants  may  be  reduced  to  perfect  symmetry :  and 
the  actual  and  constant  occurrence  of  such  incidents  is  shown  beyond 

"  Gesch.  Solan,  ii.  304.  '   Zwr  Morph.  i.  229. 
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all  doubt.     And  tl  us  the  snip  dragon      f  wl  eli      e  h     e    [  k 
above,  is  derived  from  the  Pelor  a,  wh   Ii    a  the  norn  al    on  1 1  on  of 
the  flower,  by  the  abort  o     of  one    ta    en   a  d  the  det,enerat  on  of 
two  others.     Such  exioipl        e  too      me  o  s  to    e  1  to  1     !     It  on 

Seel,  2, — Applkalion  of  Vegetable  Morphology. 

The  doctrine,  being  tliua  fully  established,  has  been  applied  to  solve 
different  problems  in  botany ;  for  instance,  to  expl^n  the  structure  of 
flowers  which  appear  at  first  sight  to  deviate  widely  from  the  usual 
forms  of  the  vegetable  world.  We  have  an  inatanee  of  such  an  appli- 
cation in  Mr,  Eobert  Brown's  explanation  of  the  real  structure  of  vari- 
ous plants  which  had  been  entirely  miaunderstood :  aa,  for  example, 
tie  genus  Euphorbia.  In  this  plant  he  showed  that  what  Iiad  been 
held  to  bo  a  jointed  filament,  was  a  pedicel  with  a  filament  above  it, 
the  intermediate  corolla  having  evanesced.  In  Orchidece  (the  orchis 
tribe),  he  showed  that  the  peculiar  structure  of  the  plant  arose  from 
its  having  six  stamens  (two  seta  of  three  each),  of  which  five  are 
usually  abortive.  In  Coniferce  (the  cone-bearing  trees),  it  was  made 
to  appear  that  the  seed  was  nated,  while  the  accompanying  appen- 
dt^e,  corresponding  to  a  seed-vessel,  assumed  all  forma,  from  a  com- 
plete leaf  to  a  mere  scale.  In  lite  manner  it  was  proved  that  the 
pappus,  or  down  of  composite  plants  (as  thistles),  is  a  transformed 

Along  with  this  successful  application  of  a  profound  principle,  it 
was  natural  that  other  botanists  should  malce  similar  attempts.  Thus 
Mr,  Lindley  was  led  to  take  a  view"  of  the  structure  of  Reseda 
(mignonette)  different  from  that  usually  entertained ;  which,  when 
published,  attracted  a  good  deal  of  attention,  and  gained  some  con- 
verts among  the  botanists  of  Germany  and  France.  But  in  1833,  Mr. 
Lindley  says,  with  great  candor,  "  Lately,  Professor  Henslow  has  satis- 
feetorily  proved,  in  part  by  the  aid  of  a  monstrosity  in  the  common 
Mignonette,  in  part  by  a  severe  application  of  moi^hological  rules, 
that  my  hypothesis  must  necessarily  be  false."  Such  an  agreement 
of  different  botanists  respecting  the  consequences  of  morphological 
rules,  proves  the  reality  and  universality  of  the  rules. 

We  find,  therefore,  that  a  principle  which  we  may  call  the  Piinci- 
ple  of  Developed  and  Metamorphosed  Symmetry,  is  firmly  established 


"  lindley,  -Sri;.  Assoi;.  Report,  ii 
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and  recognized,  and  familiarly  and  sucMSsfiilly  applied  by  botanists. 
And  it  will  be  apparent,  on  reflection,  that  though  symmetry  is  a  no- 
tion which  applies  to  inorganic  as  well  as  to  organie  things,  and  is,  in 
fact^  a  conception  of  certain  relations  of  space  and  position,  such  de- 
vel<ypement  and  metamorphms  as  ate  here  spoken  of,  are  ideas  entirely 
different  from  any  of  those  to  which  the  physical  sciences  have  led  us 
in  onr  previous  survey;  and  are,  in  short,  genuine  orgimical  or  physi- 
ological ideas  ; — real  elements  of  the  philosophy  of  life. 

We  must,  however  imperfectly,  endeavor  to  trace  the  application  of 
this  idea  in  the  other  great  department  of  the  world  of  life ;  we  must 
follow  the  history  of  Animal  Morphology. 


CHAPTEE  VII. 
Pro&ress  of  Animal  Morphologt. 

Sect.  1. — Rise  of  Comparative  Anatomy. 

THE  most  general  and  constant  relations  of  the  form  of  the  organs, 
both  in  plants  and  animals,  are  the  most  natural  grounds  of  classi- 
fication. Hence  the  first  scientific  classifications  of  animals  are  the 
first  steps  in  animal  morphology.  At  first,  a  zoology  was  constructed 
hy  arranging  animals,  as  plants  were  at  first  arranged,  according  to 
their  external  parts.  But  in  the  course  of  the  researches  of  the  anato- 
mists of  the  seventeenth  century,  it  was  seen,  that  the  internal  structure 
of  animals  offered  resemblances  and  transitions  of  a  far  more  coherent 
and  philosophical  kind,  and  the  Science  of  C'miparaiive  Anatomy  rose 
into  favor  and  importance.  Among  the  main  cultivators  of  this 
science'  at  the  period  just  mentioned,  we  find  Francis  Eedi,  of  Arezzo  ; 
Guichard-Joseph  Duvernay,  who  was  for  sixty  years  Professor  of  Ana- 
tomy at  the  Jardin  du  Roi  at  Paris,  and  during  this  lapse  of  time  had 
for  his  pupils  almost  all  the  greatest  anatomists  of  the  greater  part  of 
the  eighteenth  century ;  Nehemiah  Grew,  secretary  to  the  Royal  So- 
ciety of  London,  whose  Anatmny  of  Plants  we  have  already  noticed. 
But  Comparative  Anatomy,  which  had  been  cultivated  with  ardor 

'  Cut.  Lemons  sur  THist.  dee  Se,  Nal.  iU,  420. 
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to  the  end  of  tlie  seventeenth  century,  was,  in  Bomc  measure,  neglect«d 
during  th.0  first  two-thirds  of  the  eighteenth.  Tbo  progress  of  botany 
was,  Cavier  sagaciously  suggests,'  one  cause  of  this ;  for  that  science 
had  made  its  advances  by  confining  itself  to  external  characters,  and 
rejecting  anatomy;  and  thongh  LitinEeos  aoknowledged  the  depen- 
dence of  zoology  upon  anatomy'  so  far  as  to  make  the  number  of  teeth 
his  characters,  even  this  was  felt,  in  his  method,  as  a  bold  step.  But 
his  influence  was  soon  opposed  by  that  of  Buffon,  Daubenton,  and  Pal- 
las ;  who  again  brought  into  view  the  importance  of  comparative  anato- 
my in  Zoology ;  at  the  same  time  that  Haller  proved  how  much  might 
be  learnt  from  it  in  Physiology.  John  Hunter  in  England,  the  two 
Monroa  in  Scotland,  Camper  in  Holland,  and  Vicq  d'Azyr  in  France, 
were  the  first  to  follow  the  path  thus  pointed  out.  Camper  threw  the 
glance  of  genius  on  a  host  of  interesting  objecta,  bnt  almost  all  that  he 
produced  was  a  number  of  sketches ;  Yicq  d'Azyr,  more  assiduous, 
was  stopt  in  the  midst  of  a  most  brilliant  career  by  a  premature  death. 

Snch  is  Cuvier's  outline  of  the  earlier  history  of  comparative 
anatomy.  We  shall  not  go  into  detail  upon  this  subject ;  but  we  may 
observe  that  such  studies  had  fixed  in  the  minds  of  naturalists  the 
conviction  of  the  possibility  and  the  propriety  of  considering  large 
divisions  of  the  animal  kingdom  as  modifications  of  one  common  type. 
Belon,  as  early  aa  1566,  had  placed  the  skeleton  of  a  man  and  a  bird 
side  by  side,  and  shown  the  correspondence  of  parts.  So  far  as  the 
case  of  vertebrated  animals  extends,  this  correspondence  is  generally 
allowed ;  although  it  required  some  ingenuity  to  detect  its  details  in 
some  cases ;  for  instance,  to  see  the  analogy  of  parts  between  the 
head  of  a  man  and  a  fish. 

In  tracing  these  less  obvious  correspondencies,  some  curious  steps 
havo  been  made  in  recent  times.  And  heru  we  must,  I  conceive, 
again  ascribe  no  small  merit  to  the  same  remarkable  man  who,  as  we 
have  already  had  to  point  ont,  gave  so  great  an  impulse  to  vegetable 
morphology.  Qotho,  whose  talent  and  disposition  for  speculating  on 
all  paits  of  nature  were  truly  admirable,  was  excited  to  the  study  of 
anatomy  by  his  propinquity  to  the  Duke  of  Weimar's  cabinet  of 
natural  history.  In  1786,  be  published  a  little  essay,  the  object  of 
which  was  to  show  that  in  man,  as  well  as  in  beasts,  the  upper  jaw 
contains  an  intermaxillary  bono,  although  the  sutures  are  obliterated. 
After  1790,'  animated  and  impelled  by  the  same  passion  for  natural 

'  Cuv.  mst.  Sc.  Na'.  i.  301.  =  lb.  '  Zur  MorphoUgU,  i  m. 
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observation  and  for  general  views,  wiiicli  Iiad  produced  Lia  Metamor- 
phoBis  of  Plants,  lie  pursued  his  speculations  on  these  snbjects  eagerly 
and  successfully.  And  in  l'?95,  he  published  a  Sketch  of  a  Universal 
Introduction,  into  Comparative  Anatomy,  beginning  with  Osteology ; 
in  which  he  attempts  to  establish  an  "  <«teological  type,"  to  whicli 
skeletons  of  all  animals  may  be  refeiTcd.  I  do  not  pretend  that 
Gothe's  anatomical  works  have  had  any  influence  on  tbo  progress  of 
the  science  comparable  with  that  which  has  been  exercised  by  the 
labors  of  professional  anatomists  ;  but  the  ingemiity  and  value  of  tlie 
views  which  they  contained  was  acknowledged  by  the  best  authorities; 
and  the  clearer  inti-oduction  and  application  of  the  principle  of  de- 
veloped and  metamorphosed  symmetry  may  be  dated  from  about  this 
time.  Gothe  declares  that^  at  an  eai-ly  period  of  these  speculations, 
he  was  convinced'  that  the  bony  head  of  beasts  is  to  be  derived  from 
six  vertebrie.  In  1807,  Oken  published  a  "Program"  On  the  Sig- 
nification of  the  Bones  of  the  Shall,  in  which  he  maintained  that 
these  bones  are  ec[uivalent  to  four  vertebrsa ;  and  Meckel,  in  his  Com- 
parative Anatomy,  in  1811,  also  resolved  tlie  skull  into  vertebras. 
But  Spix,  in  his  elaborate  work  Cephalogenem,  in  1815,  reduced  the 
vertebrse  of  the  head  to  three,  "  Okon,"  he  says,' 
opinions  merely  theoretical,  and  consequently  contrary  to  those  n 
tained  in  this  work,  which  ai'e  drawn  from  observation."  This  reso- 
lution of  the  head  into  vertebra  is  assented  to  by  many  of  the  best 
physiologists,  as  explaining  the  distribution  of  tbo  nerves,  and  otJier 
phenomena.  Spix  further  extended  the  application  of  the  vertebral 
theory  to  the  heads  of  all  classM  of  vertebrate  animals  ;  and  Bojanns 
published  a  Memoir  expressly  on  the  vertebral  structm-e  of  the  skulls 
of  fishes  in  Oken's  Im  for  1818.  Geoffrey  Saint-Hilaire  presented  a 
lithographic  plate  to  the  French  Academy  in  Febniary  1S24,  entitled 
Composition  de  la  THe  ossetize  chez  VHomme  et  les  Animaux,  and  de- 
veloped his  views  of  the  vertebral  composition  of  the  skull  in  two 
Memoirs  published  in  th.o  Annales  des  Sciences  JVaturelles  for  1824. 
We  cannot  fail  to  recognize  here  the  attempt  to  apply  to  the  skeleton 
of  animals  the  principle  which  leads  botanists  to  coiBider  all  the  parts 
of  a  flower  as  transformations  of  the  same  organs.  How  far  the 
application  of  the  principle,  as  here  proposed,  is  just,  I  must  leave  phi- 
losophical physiologists  to  decide. 

By  these  and  similar  researches,  it  is  held  by  the  best  physiologists 


'  Zur  Morphologie,  aso.  °  Spix,  Cephaloffencsi 
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ttat  the  skull  of  all  vertebrate  animals  is  pretty  well  reduced  to  a  uni- 
form Btructure,  and  the  laws  of  its  variations  nearly  determined.' 

The  vertebrate  animals  being  thus  reduced  to  a  single  type,  the 
question  arises  how  far  this  can  be  done  with  regard  to  other  animals, 
and  how  many  such  types  there  are.  And  here  we  come  to  one  of 
the  important  services  which  Cuvier  rendered  to  natural  history. 

Sect.  2. — Distinction  of  the  General  Types  of  the  Forms  of  Animals. 
— Olivier, 

Animals  were  divided  by  Lamarck  into  vertebrate  and  invertebrate; 
and  the  general  analogies  of  all  vertebrate  animals  are  easily  made 
manifest.  But  with  regard  to  other  animals,  the  point  is  far  from 
clear.  Cuvier  was  the  first  to  give  a  really  philosophical  view  of  the 
animal  world  in  reference  to  the  plan  on  which  each  animal  is  con- 
structed. There  are,'  he  says,  four  such  plans; — four  forms  on  which 
animals  appear  to  have  been  modelled ;  and  of  which  the  nlterior  di- 
visions, with  whatever  titles  naturalists  have  decorated  them,  are  only 
very  slight  modifications,  founded  on  the  development  or  addition  of 
some  parts  which  do  not  produce  any  essential  change  in  the  plan. 

These  fonr  great  branches  of  the  animal  world  are  the  vertebrata, 
moUusca,  articulata,  radiata;  and  the  differences  of  these  are  so  im- 
portant that  a  aligbt  explanation  of  them  may  be  permitted. 

The  vertebrala  are  those  animals  which  (as  man  and  other  sucklers, 
birds,  fishes,  lizards,  frogs,  serpents)  have  a  backbone  and  a  skull 
with  lateral  appendages,  within  which  the  viscera  are  included,  and  to 
which/the  muscles  are  attached. 

Tte  molliisca,  or  soft  animals,  have  no  bony  skeleton ;  the  muscles 
are  attached  to  the  skin,  which  often  includes  stony  plates  called 
shells ;  such  molluaca  are  shell-fish  ;  others  are  cuttle-fish,  and  many 


The  arHodata  consist  of  Crustacea  (lobsters,  &c.),  insects,  spiders, 
and  annuhse  worms,  which  consist  of  a  head  and  a  nnmbcr  of  succes- 
sive annular  portions  of  the  body  jointed  together  (to  the  interior  of 
which  the  muscles  are  attached),  whence  the  name. 

Finally,  the  radiata  include  the  animals  known  under  the  name  of 
zoophytes.  In  the  preceding  three  branches  the  organs  of  motion  and 
of  sense  were  distributed  symmetrically  on  the  two  sides  of  an  axis, 

'  CuY.  Hisl.  Sc.  Nat  iii.  442.  "  Rirjue  Animal,  p.  HI. 
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SO  tliat  the  animal  has  a  lylit  aii'l  a  lift  side  In  the  ra/.liata  tlie 
similar  members  radiat«  Irom  the  axis  in  a  riri.ulai  manner,  like  the 
petals  of  a  regular  flower. 

The  whole  value  of  such  a  classification  cannot  ho  understood  with- 
out explaining  its  use  in  enahhuf,  u^  to  gi>e  general  descriptions,  and 
general  Jaws  of  the  animal  fan  tions  of  the  cHoses  which  it  includes ; 
bnt  in  the  present  part  of  om  woik  our  tuiinc^  la  to  exhibit  it  as  an 
exemplification  of  the  reduction  ot  animals  to  laws  of  Sjinmetry. 
The  bipartite  Symmetry  of  the  foim  of  vertebrate  and  articulate  ani- 
mals is  obvious  ;  and  the  icduction  ot  the  lanous  forms  of  such  ani- 
mals to  a  common  type  has  heen  effected,  by  attention  to  their 
anatomy,  in  a  manner  which  has  lati'fied  those  who  have  best  studied 
the  subject.  The  molluscs,  especially  tho«e  m  which  the  head  disap- 
pears, as  oysters,  or  those  which  are  rolled  into  a  spiral,  as  snails,  have 
a  less  obvious  Symmetry,  but  here  also  we  can  apply  certain  general 
types.  And  the  Symmetry  of  the  radiated  zoophyte  is  of  a  nature 
c[uite  different  fi-om  all  the  rest,  and  approaching,  as  we  have  sug- 
gested, to  the  kind  of  Symmetry  found  in  plants.  Some  naturalists 
have  doubted  whether'  these  zoophytes  are  not  referiihle  to  two  types 
{acrita  or  polypes,  and  true  radiata,)  rather  than  to  one. 

This  fourfold  division  was  introduced  by  Cnvier.*"  Before  him, 
naturalists  followed  Linnsens,  and  divided  non-vertebrat<!  animals  into 
two  classes,  insects  and  worms.  "  I  began,"  says  Cuvier,  "  to  attack 
this  view  of  the  subject,  and  offered  another  division,  in  a  Memoir  read 
at  the  Society  of  Natural  History  of  Paris,  the  21st  of  Floreal,  in  the 
year  III.  of  the  Republic  (May  10,  1795,)  printed  in  the  Decade  PM- 
losopkique  :  in  this,  I  mark  the  characters  aad  the  limits  of  molluses, 
insects,  worms,  echinoderms,  and  zoophytes.  I  distinguish  the  red- 
blooded  worms  or  annelidea,  in  a  Memoir  read  to  the  Institute,  the 
11th  Nivose,  year  X.  (December  31, 1801 )  I  afterwtrds  distributed 
these  different  classes  into  three  branches  each  co-ordinate  to  the 
branch  formed  by  the  vertebrate  animals,  in  a  Memoir  leod  to  the 
Institute  in  July,  1812,  printed  in  the  Annales  du  Musevin,  iTHtstoiie 
Nalurelle,  tom.  xix."  His  great  systematic  woik,  the  Regne  Ammal, 
founded  on  this  distribution,  was  published  in  ISl'?,  -md  since  that 
time  the  division  has  been  commonlj  accented  among  natnialista 

[2nd  Ed.]  [The  c[ueBtion  of  the  ClassifiLation  ot  Animals  is 
discussed  in  the  first  of  Prof.  Owen's  Lertufes  on  the  Iniei  lebrate  Am- 

'  Brit.  Asioe.  Rep.  U.  227.  '    Reync  A.  61. 


d  by  Google 


480  HISTORY    OP   PHYSIOLOGY. 

mah  (1843).  Mr.  Owca  observes  tliat  the  arrangement  of  aiiiumls 
info  VeTlebraie  aiid  Invertebrate  which  pieTsiled  before  Cavier,  was 
nece^arily  bad,  inasmuch  as  no  negative  character  ia  Zoology  gives 
trae  natural  groups.  Hence  tlio  establishment  of  tie  snb-Mngd07ns, 
MbUusca,  ArUcidala,  Badiata,  as  co-ordinate  witii  VeHehrata,  accord- 
ing to  the  arratigement  of  the  nervous  system,  was  a  most  important 
advance.  But  Mr.  Owen  has  seen  reason,  to  separate  the  Madiata  of 
Cuvier  into  two  divisions;  the  JVematoneura,  m  wJiich  the  nervous 
system  caa  be  traced  in  a  filamentary  form  (including  ^hinodertim, 
Ciliohrachiata,  Ccelelmintha,  Sotifm-a,)  and  the  Acrita  or  lowest  divi- 
sion of  the  animal  kingdom,  including  Acalepha,  Niidibrachiaia , 
Sterelmintha,  Polygastria? 

Beat.  3. — Attempts  to  establish  thn  Ideaiiiy  of  the  Types  of  Animal 
Forms. 

(3UPP0SIIT&  this  great  step  in  Zoology,  of  which  we  tave  given  an 
account, — the  rednctioE  of  all  animals  to  four  types  or  plans, — to  be 
quite  Beciire,  we  are  tlien  led  to  ask  whether  any  further  advance  is 
]^,'ossibIe  ; — whether  several  of  these  types  can  be  referred  to  one  com- 
'.uon  form  by  any  -wider  effort  of  generalization.  On  this  question  there 
liHsbeenaconsiderabledifference  of  opinion.  Oeoffroy  Saint-Hilaire," 
ivho  had  previously  endeavored  to  show  that  all  vertebrato  animals 
were  constructed  so  esaetly  upon  the  same  plan  as  to  preserve  the 
strictest  analogy  of  parts  in  respect  to  their  osteology,  thought  to 
extend  this  unity  of  plan  by  demonstrating,  that  the  hard  parts  of 
crustaceans  and  insects  are  still  only  modiiicatioiiB  of  the  skeleton  of 
higher  animals,  and  that  therefore  the  type  of  vertebrata  must  be  made 
to  include  them  also : — the  segments  of  the  articulata  are  held  to  be 
strictly  analogous  to  the  vertebrae  of  the  higher  animals,  and  thus  the 
former  live  within  their  vertebral  column  in  the  same  manner  as  the 
latter  live  without  it.  Attempts  have  even  been  made  to  reduce  mol- 
luscous and  vertebrate  animals  to  a  community  of  type,  as  we  shall 
see  shoiiJy. 

Another  application  of  the  principle,  according  to  ivhich  creatures 
the  most  difEereut  are  developments  of  the  same  original  type,  may  be 
discerned"  in  the  doctrine,  that  the  embryo  of  the  higher  forms  of 
animal  life  passes  by  gradations  through  those  fonns  ivhich  are  perma- 

"  Mr.  Jenyns,  Srit.  Assae.  Hep.  iv.  ISO,  "  Di',  Clark,  Eepo-rt,  lb.  iv.  H3. 


d  by  Google 


PROGRESS  OF  AHIMAL  HOEPHOLOGT.  481 

nent  in  inferior  animals.  Thus,  according  to  tliis  view,  the  liuman 
foatua  assumes  successiveiy  the  plan  of  the  zoophyte,  the  worm,  the 
fish,  fc;,  turtle,  the  bird,  the  heast.  But  it  has  been  well  observed, 
thafr^in  these  analogies  we  loot  in  vain  for  the  precwion  which  can 
alone  support  the  inference  that  has  been  deduced ;"/'  and  that  at 
each  step,  tlie  higher  embryo  and  the  lower  animal  which  it  is 
supposed  f«  resemble,  differ  in  having  ea«h  different  organs  suited  to 
their  respective  destinations. 

Ouvier"  never  assented  to  tliis  view,  nor  to  the  attempts  to  refer  the 
different  divisions  of  his  system  to  a  common,  type.  "  He  could  not 
admit,"  says  his  biographer,  "  that  the  lungs  or  gills  of  the  vertebrates 
are  in  the  same  connexion  as  the  branchise  of  moIluBCa  and  crustaceans, 
which  in  the  one  are  situated  at  the  base  of  the  feet,  or  fixed  on  the 
feet  themselves,  and  in  the  other  often  on  the  bact  or  about  the  arms. 
He  did  not  admit  the  analogy  between  the  skeleton  of  the  vertebrates 
and  the  skin  of  the  articulates ;  he  could  not  believe  tiat  the  faenia  and 
the  sepia  were  constructed  on  the  same  plan ;  that  there  was  a  similar- 
ity of  composition  between  the  bird  and  the  echinus,  the  whale  and 
the  snail ;  in  spite  of  the  skill  with  which  some  persons  sought  gradu- 
ally to  efface  their  discrepancies," 

"Whether  it  may  be  possible  to  establish,  among  the  four  great  divi- 
sions of  the  "  Animal  Kingdom,"  some  analogies  of  a  higher  order 
than  those  which  prevail  within  each  division,  I  do  not  pretend  to  con- 
jecture. If  this  can  be  done,  it  is  clear  that  it  must  bo  by  comparing 
tte  types  of  these  divisions  under  their  most  general  forms :  and  thus 
Cuvier's  arrangement,  so  far  as  it  is  itself  rightly  founded  on  the  unity 
of  composition  of  each  branch,  is  the  surest  step  to  the  discovery  of  a 
unity  pervading  and  uniting  these  branches.  But  those  who  general- 
ize surely,  and  those  who  generalize  rapidly,  may  travel  in  the  same 
direction,  they  soon  separate  so  mdely,  that  they  appear  to  move 
from  each  other.  The  partisans  of  a  univeraa!  "unity  of  composition  " 
of  animals,  aecused  Cuvier  of  being  too  inert  in  following  the  pragress 
of  physiological  and  zoological  science.  Borrowing  their  illustration 
from  the  political  parties  of  the  times,  they  asserted  that  he  belonged 
to  &e  science  oi  resistance,  not  to  the  science  of  the  movement.  Such 
a  charge  wm  highly  honorable  to  him;  for  no  one  acquainted  with 
the  history  of  zoology  can  doubt  that  he  had  a  great  share  in  the 
impulse  by  which  the  "movement"  was  occasioned;  orthathehim- 

"  Dr.  Clari,  p.  114.  "  Inurillard,  Elog.  de  Guvisr,  p.  66. 
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self  made  a  large  advance  with  it ;  and  it  was  because  lie  was  so  poised 
by  the  vast  mass  of  his  knowledge,  so  temperate  in  his  love  of  doubt- 
ful generaliaationa,  that  he  was  not  swept  on  in  the  wilder  pait  of  the 
stream.  To  such  a  charge,  moderate  reformers,  who  appreciate  the 
value  of  the  good  which  exists,  though  they  try  to  make  it  better,  and 
wlio  know  the  knowledge,  fhoughtfulness,  and  caution,  which  are  need- 
ful in  such  a  task,  are  naturally  exposed.  For  us,  who  can  only  decide 
on  such  a  subject  by  the  general  analogies  of  the  history  of  science, 
it  may  sufSce  to  say,  that  it  appears  doubtful  whether  the  fundamental 
conceptions  of  affinity,  analogy,  transition,  and  developement,  have  yet 
been  fixed  in  the  minds  of  physiologists  with  sufficient  firmness  and 
clearness,  or  unfolded  with  sufficient  consistency  and  generality,  to 
make  it  likely  that  any  great  additional  step  of  this  kind  can  for  some 
time  be  made. 

We  have  here  considered  the  doctrine  of  the  identity  of  the  scem- 
iugly  various  types  of  smimal  structure,  as  an  attempt  to  extend  the 
correspondencies  which  were  the  basis  of  Cuvier's  division  of  the  ani- 
mal kingdom.  Bat  this  doctrine  has  been  put  forward  in  another 
point  of  view,  as  the  antithesis  to  the  doctrine  of  final  causes.  This 
question  is  so  important  a  one,  that  we  cannot  iiejp  attempting  to  give 
some  view  of  ite  state  and  bearings. 


CHAPTER  VIII. 
The  Doctrine  op  Fiwal  Causes  ik  Pnysroi,oor. 


Sid.  1. — Asseiiion  of  Ike  Principle  of  Unity  of  Flan. 

¥E  have  repeatedly  seen,  in  the  course  of  our  historical  view  of 
Physiology,  tkat  those  who  have  studied  the  structure  of  animals 
and  plants,  have  had  a  conviction  forced  upon  them,  that  the  organs 
arc  constructed  and  combined  in  subservience  to  the  life  and  functions 
of  the  whole.  The  parts  have  a  purpose,  as  welt  as  a  law  ;— we  can 
trace  Final  Causes,  as  well  as  Laws  of  Causation.  This  principle  is 
peculiar  to  physiology ;  and  it  might  naturally  be  expected  that,  in  the 
progress  of  the  science,  it  would  come  under  special  consideration. 
This  accordingly  has  happened;  and  the  principle  has  been  drawn 
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into  a  proiniiient  position  by  the  struggle  of  two  antagonistic  schools  of 
physiologists.  On  the  one  hand,  it  has  been  maintained  that  this 
doctrine  of  final  causes  is  altogether  nnphilosophica),  and  requires  to 
be  replaced  by  a  more  comprehensive  and  profound  principle  :  on  the 
other  hand,  it  is  asserted  that  the  doctrine  is  not  only  true,  but  that, 
in  our  own  time,  it  has  been  fixed  and  developed  so  as  to  become  the 
instrument  of  some  of  the  most  important  discoveries  which  have  been 
made.  Of  the  views  of  these  two  schools  we  must  endeavor  to  give 
some  account. 

The  disciples  of  the  former  of  the  two  schools  express  their  tenets 
by  the  phrases  wnity  of  plan,  unity  of  composition ;  and  the  more 
detailed  developement  of  these  doctrines  has  been  termed  the  Theory 
ofAnaloffies,  by  Geofi'roy  Saiot^Hilaire,  who  claims  this  theory  as  his 
own  creation.  According  to  this  theory,  the  structure  and  fiinctdons 
of  animals  are  to  be  studied  by  the  guidance  of  their  analogy  only  ; 
our  attention  is  to  be  turned,  not  to  the  fitness  of  the  organization  for 
any  end  of  life  or  action,  but  to  its  resemblance  to  other  organizations 
by  which  it  is  gradually  derived  from  the  original  type. 

According  to  the  rival  view  of  this  subject,  we  must  not  assume, 
and  cannot  establish,  that  the  plan  of  all  animals  ia  tie  same,  or  their 
composition  similar.  The  existence  of  a  single  and  universal  system 
of  analogies  in  the  construction  of  all  animals  is  entirely  unproved, 
and  therefore  cannot  be  made  our  guide  in  the  study  of  their  pro- 
perties. On  the  other  hand,  the  plan  of  the  animal,  the  purpose  of  its 
organization  in  the  support  of  its  life,  the  necessity  of  the  functions  to 
its  existence,  are  truths  which  are  irresistibly  apparent,  and  which 
may  therefore  be  safely  taken  as  the  bases  of  our  reasonings.  This 
view  has  been  put  forwai'd  as  the  doctrine  of  the  conditions  of 
existence:  it  may  also  be  described  as  the  principle  of  a  purpose  in 
organization;  the  structure  being  considered  as  having  the  function 
for  its  end.     We  must  say  a  few  words  on  each  of  these  views. 

It  had  been  pointed  out  by  Cuvier,  as  we  have  seen  in  the  last 
chapter,  that  the  animal  tingdom  may  be  divided  into  four  great 
branches;  in  each  of  which  the  plan  of  the  animal  is  different, 
namely,  vertehrata,  artieulata,  moUusca,  radiata.  Now  the  question 
naturally  occurs,  is  there  really  no  resemblance  of  construction  in 
these  different  classes !  It  was  maintained  by  some,  that  there  is  such 
In  1820,'  M.  Audouin,  a  young  naturalist  of  Paris, 

'  Cuv.  Hist.  Sa.  Nat.  iii,  422. 
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undeavorei!  to  fill  up  the  chasm  whicli  stpavatL-s  iii&ccts  ft'ora  other 
animals ;  and  by  esamining  carefully  the  portions  which  compose  the 
solid  frame-work  of  insects,  anil  follo'wing  them  through  their  various 
tran&formationa  in  different  classes,  lie  conceived  tiat  lie  found 
relations  of  positiou  and  fiinction,  and  ofteu  of  number  and  form, 
which  might  be  eompared  with  tlie  relations  of  the  parts  of  the 
skeleton  in  vertebrate  animals.  He  thought  that  the  first  segment  of 
an  insect,  the  head,'  represents  one  of  the  three  vertebne  which, 
according  to  Spix  and  others,  compose  the  vertebrate  head  :  the 
second  segment  of  the  insects,  (the  'prothm-ax  of  Audouin,)  is,  ac- 
cording to  M.  Geoffroy,  the  second  vei-tebm  of  the  head  of  the 
vertebrata,  and  so  on.  Upon  tliis  speculation  Cuvier'  does  not  g^ve 
any  decided  opinion ;  olserving  ouly,  that  even  if  false,  it  leads  to 
active  thought  and  useful  research. 

But  when  an  attempt  was  further  made  to  identify  the  plan  of  ano- 
ther branch  of  the  animal  world,  the  molinsca,  with  that  of  the  verte- 
brata,  the  radical  opposition  between  such  vieAvs  and  those  of  Cuvier, 
broke  out  into  an  animated  controversy. 

Two  French  anatomists,  MM.  Lanrencet  and  Meyranx,  presented  to 
the  Academy  of  Sciences,  in  1B30,  a  Memoir  containing  their  views  on 
the  organization  of  molluscous  animals  ;  and  on  the  sepia  or  cuttle-fish 
in  particular,  as  one  of  the  most  complete  examples  of  such  animals. 
These  creatures,  indeed,  tliough  thus  placed  in  the  same  division  with 
shell-fish  of  the  most  defective  organization  and  obscure  stmctnre,  Me 
far  from  being  scantily  organized.  They  have  a  brain,*  often  eyes,  and 
these,  in  the  animals  of  this  class,  {eephalopodd)  are  more  complicated 
than  in  any  vertebrates ;°  they  have  sometimes  ears,  salivary  glands, 
multiple  stomachs,  a  considerable  liver,  a  bile,  a  complete  double  cir- 
culation, provided  with  auricles  and  ventricles  ;  in  short,  their  vital 
activity  is  vigorous,  and  their  senses  are  distinct. 

Bnt  still,  though  this  organization,  in  the  abundance  and  diversity 
of  its  parts,  approaches  that  of  vertebrate  animals,  it  had  not  been  con- 
sidered as  composed  in  the  same  manntr,  or  arranged  in  the  same 
order.  Cuvier  had  always  mamtamod  that  the  plan  of  molluscs  is  not 
a  continuation  of  the  plan  of  verttbiatef 

=  lb.  437.  '  Ouv  Hiit   5<  Aoi.iii.441. 

*  Geoffroy  Sain1>IIilaire  daiittatliia.  Prvnet^ea  dePMl.  Zoologiguc  discutss 
en  1880,  p,  6S. 

'  Geoffroy  Saint-Hilaire,  F-Hncipes  de Fhil.  Zoologin   dietutU  en  1B30,  p.  55. 
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MM,  Laurencet  and  Mcjranx,  on  tlie  contrary,  concoivod  tliat  tho 
sepia  might  bo  reduced  to  the  type  of  a  vertebrate  creature,  by  consi- 
dering the  back-bone  of  the  latter  bent  double  backwards,  so  as  to 
bring  the  root  of  the  tail  to  the  nape  of  the  nock ;  the  parts  thus 
brought  into  contact  being  supposed  to  coalesce.  By  this  mode  of 
conccpfioB,  these  anatomists  held  that  the  viscera  were  placed  in  the 
same  connexion  as  in  the  vertebrate  type,  and  the  fanctions  exercised 
in  an  antilogous  manner. 

To  decide  on  the  reality  of  the  analogy  thus  asserted,  clearly  belong- 
ed to  the  jurisdiction  of  the  most  eminent  anatomists  and  physiologists. 
The  Memoir  was  committed  to  Geoffrey  Smnt-Hilaire  and  Latreille, 
two  eminent  zoologists,  in  order  to  he  reported  on.  Their  report  was 
extremely  favorable ;  and  went  almost  to  the  length  of  adopting  the 
views  of  the  authors. 

Cuvier  expressed  some  dissatisfaction  with  this  report  on  its  being 
read ;"  and  a  short  time  afterwai'ds,'  represented  Geoffrey  Saint-Hi laire 
as  having  asserted  that  the  new  views  of  Laurencet  and  Meyranx 
refuted  completely  tlie  notion  of  the  great  interval  which  exists 
between  molluscous  and  vertebrate  animals.  Geoffrey  protested  against 
such  an  interpretation  of  his  expressions ;  but  it  soon  appeared,  by  the 
controversial  character  which  the  discussions  on  this  and  several  other 
subjects  assumed,  that  a  real  opposition  of  opinions  was  in  action. 

Without  attempting  to  explain  the  exact  views  of  Geoffrey,  (we  may, 
perhaps,  venture  to  say  that  they  are  hardly  yet  generally  understood 
with  siaffleient  distinctness  to  justify  the  mere  historian  of  science  in 
attempting  such  an  explanation,)  their  general  tendency  may  be  suffi- 
ciently collected  from  what  has  been  said ;  and  from  the  phrases  in 
which  his  views  are  conveyed.'  The  principle  of  connexicms,  the  elec- 
tive affinities  of  organic  elements,  the  equilihrieation  of  organs  ; — such 
are  the  designations  of  the  leading  doctrines  which  are  unfolded  in  the 
preliminary  discourse  of  his  Anatomical  Philosophy,  Elective  affini- 
tJea  of  organic  elements  are  the  forces  by  which  the  vita!  structures 
and  varied  forms  of  living  things  are  produced  ;  and  the  principles  of 
1  and  ec[mlibrium  of  these  forces  in  the  various  paits  of  the 
u  prescribe  limits  and  conditions  to  the  variety  and  develope- 
ment  of  such  fonus. 

The  character  and  tendency  of  this  philosophy  will  be,  1  tliink, 
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much,  more  clear,  it'  we  consider  wliat  it  excludes  and  denies.  It  rejects 
altogether  all  conception  of  a  plan  and  purpose  in  the  organs  of  ani- 
mals, EB  a  principle  which  has  determined  their  forms,  or  can  be  of 
nae  in  directing  our  reasoniogs.  "  I  take  care,"  says  Geoifroy,  "  not 
to  ascribe  to  God  any  intention."*  And  when  Cuvier  speaks  of  the 
combination  of  organs  in  such  order  that  they  may  be  in  consistence 
with  the  part  which  the  animal  has  to  play  in  nature ;  his  rival 
rejoins,"  I  "inow  nothing  of  animals  which  ?i.ave  to  play  a,  part  in 
nature."  Sucli  a  notion  ia,  ha  holds,  nnphilosophical  and  dangerous. 
It  ia  an  abuse  of  final  causes  which  maies  the  cause  to  be  engendered 
by  the  effect.  And  to  illustrate  still  further,  his  own  view,  he  says,  "I 
have  read  concerning  fishes,  that  because  they  live  in  a  medium  which 
resists  more  than  air,  their  motive  forces  are  calculated  so  as  to  give 
them  the  power  of  progression  under  those  circiamstances.  By  this 
mode  of  reasoning,  you  would  say  of  a  man  who  makes  use  of  crutches, 
that  he  was  originally  destined  to  the  misfortune  of  having  a  leg  para- 
lysed or  amputated." 

How  far  this  doctrine  of  unity  in  the  plan  in  animals,  is  admissible 
or  probable  in  physiology  when  kept  within  proper  lunits,  that  is,  when 
not  put  in  opposition  to  the  doctrine  of  a  purpose  involved  in  the  plan 
of  animals,  I  do  not  pretend  even  to  conjecture.  The  question  is  one 
which  appears  to  be  at  present  deeply  occupying  the  minds  of  the  most 
learned  and  profound  physiologists ;  and  such  persons  alone,  adding 
to  their  knowledge  and  zeal,  judicial  sagacity  and  impartiality,  can  tell 
us  what  is  the  general  tendency  of  the  best  researches  on  this  subject." 
But  when  the  anatomist  expresses  such  opinions,  and  defends  them  by 
such  illustrations  as  those  which  I  have  just  quoted,'"  we  perceive  that 
he  quits  the  entrenchments  of  his  superior  science,  in  which  he  might 


"  "  Je  me  garde  de  prater  k  Dieu  aucune  intentiou."    Fhil.  ZooL  10. 

'°  "  Je  ne  counais  point  d'animal  qtii  noiVE  jouet  un  role  dans  la  natarft" 
p.  65. 

"  So  far  as  this  doctrine  is  generally  accepted  nmong  the  best  phyeiologists, 
we  cannot  5oubt  the  propriety  of  Meckel's  remark,  (Vomparatiite  Anatomy, 
1821,  Pref.  p.  xl)  that  it  cannot  be  truly  aaeerted  either  to  be  new,  or  to  be 
peouliarly  due  to  Geoffcoy  Snint-Hilaira. 

"  It  is  hai-dlj  worth  while  anawering  such  illvatrtttions,  but  I  may  remark, 
that  the  one  quoted  above,  irrelevant  and  unbecoming  as  it  is,  tells  altogether 
against  its  author.  The  fact  tliat  the  wooden  leg  ia  of  the  same  length  as  the 
other,  proves,  and  would  satisfy  the  moat  incredulous  man,  that  it  was  intended 
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Lavo  remained  unassailable      Igthqtw  j.f  I 

one;  and  the  discussion  is    p      t     tt       wh     p  P      ' 

knowledge  of  anatomy.    Whllttf  t  t       yf 

words  upon  it. 

Siicl.   2. — Estimate  of  the  Doctrine  of   Uiiiiy  of  Plan. 

It  has  been  so  often  repeated,  and  so  generally  allowed  in  modern  times, 
that  Final  Causes  ought  not  to  bo  made  our  guides  in  natural  philoso- 
phy, that  a  prejudice  has  been  established  against  the  introduction  of 
any  views  to  which  this  designation  can  be  applied,  into  physical  spe- 
culations. Yet,  in  fact,  the  assumption  of  an  end  or  purpose  in  the 
structure  of  oi^anized  beings,  appears  to  he  an  intellectual  habit  which 
no  efforts  can  cast  off.  It  has  prevailed  ftxim  the  earliest  to  the  latest 
ages  of  zoological  research  ;  appears  to  he  fastened  upon  us  alike  by 
our  ignorance  and  our  knowledge ;  and  has  been  formalJy  accepted  by 
so  many  great  anatomists,  that  we  cannot  fee!  any  scruple  in  believing 
the  rejection  of  it  to  be  the  superstition  of  a  false  philosophy,  and  a 
result  of  tJie  exa^eration  of  other  principles  which  are  supposed  capa- 
ble of  superseding  its  nse.  And  the  doctrine  of  unity  of  plan  of  all 
animals,  and  the  other  principles  associated  with  this  doctrine,  so  far 
as  they  exclude  the  conviction  of  an  intelligible  scheme  and  a  disco- 
verable end,  in  the  oi^nization  of  animals,  appear  to  bo  utterly  erro- 
neous. I  will  offer  a  few  reasons  for  an  opinion  which  may  appear 
presumptuous  in  a  writer  who  has  only  a  general  knowledge  of  the 
subject. 

1.  In  the  first  place,  it  appears  to  me  that  the  argumentation  on  t!ie 
case  in  question,  the  Sepia,  does  by  no  means  tnm  out  to  the  advan- 
tage of  the  new  hypothesis.  The  arguments  in  support  of  the  hypo- 
thetical view  of  the  structure  of  this  mollusc  were,  that  by  this  view 
the  relative  position  of  the  parts  was  explained,  and  confirmations 
which  had  appeared  altogether  anomalous,  were  reduced  to  role ;  for 
example,  the  beak,  which  had  been  supposed  to  be  in  a  position  the 
reverse  of  all  other  beaks,  was  shown,  by  the  assumed  posture,  to  have 
its  upper  mandible  longer  than  the  lower,  and  thus  to  be  regularly 
placed.  "But,"  says  Cuvier,"  "supposing  the  posture,  in  order  that 
the  side  on  which  the  funnel  of  the  sepia  is  folded  should  bo  the  back 
of  the  animal,  considered  as  similar  to  a  vertebrate,  the  brain  with  rc- 

"  (?.  S.  H.  Phil  Zool  p.  W. 
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gard  to  the  heak,  and  tlie  (esophagus  with  regard  to  the  liver,  should 
have  positions  eorreapouding  to  those  in  vertebrates  ;  but  the  positions 
of  these  organs  are  exactly  contraiy  to  the  hypothesis.  How,  then, 
can  you  say,"  he  asks,  "  that  the  cephalopods  and  vertobratea  have 
identity  of  composition,  unity  of  composition,  Tvithoiit  n. '  ^  w  da  'n 
sense  entirely  diiferent  from  their  common  meaning?" 

This  argument  appears  to  be  exactly  of  the  iind  h  h  th 

value  of  the  hypothesis  must  depend."  It  is,  therefor  ntc  t  ng  t 
see  the  reply  made  to  it  by  the  tbeorisli  It  is  this  ;  I  ad  t  th 
facts  here  stated,  but  I  deny  that  they  lead  to  the  noti  f  a  3  ff  nt 
sort  of  animal  composition.  Mollusc  is  nimal  had  been  placed  too 
high  in  the  zoological  scale  ;  but  if  th  j  ly  tl  e  embryos  of  its 

lower  stages,  if  they  are  only  beings  h  h  f     f  ver  organs  come 

into  play,  it  does  not  follow  that  the     ga  d    t  tute  of  the  rela- 

tions which  the  power  of  successive  g         t  y  demand.    The 

organ  A  will  be  in  an  unusual  relati  th  th  C,  if  B  has  not 

been  produced ;— -if  a  stoppage  of  the  developement  has  fallen  upon 
this  latter  organ,  and  has  thus  prevented  its  production.  And  thus," 
he  says,  "  we  see  how  we  may  bave  different  arrangements,  and  divers 
constrnctions  as  they  appear  to  the  eye." 

It  seems  to  me  that  such  a  concession  as  this  entirely  destroys  the 
theory  which  it  attempts  to  defend ;  for  what  arrangement  does  the 
principle  of  unity  of  composition  exclude,  if  it  admits  unusual,  that  is, 
various  arrangements  of  some  organs,  accompanied  by  the  total  ab- 
sence of  others  !  Or  how  does  this  differ  from  Cuvier's  mode  of  stat- 
ing the  conclusion,  except  in  the  introduction  of  certain  arbitrary 
hypotheses  of  developement  and  stoppage?  "I  reduce  the  fects," 
Cnvier  says,  "to  their  true  expression,  by  saying  that  Cephalopods 
have  several  oi^ns  which  are  common  to  them  and  vertebrates,  and 
wbicli  discharge  the  same  offices;  but  that  these  organs  are  in  them 
differently  distributed,  and  often  constructed  in  a  different  manner ; 

"  I  do  not  dwell  OQ  other  arguments  which  were  employed.  It  waa  given 
as  a  oironiDstance  suggesting  the  supposed  posture  of  the  type,  that  in  this  way 
the  book  was  colored,  and  the  bolly  was  white.  On  this  Cuvier  observes  (Phil. 
Zool.  pp.  9S,  68),  "  I  must  say,  that  I  do  not  know  any  naturalist  so  ignorant  as 
to  suppose  that  the  back  is  detennined  by  its  dark  color,  or  even  by  its  position 
when  the  animal  is  in  motion ;  they  all  know  that  the  badger  has  a  black 
belly  and  a  white  back;  that  an  infinity  of  other  animals,  especially  among 
insects,  are  in  the  same  case  ;  and  that  many  fishes  swim  on  their  side,  or  with 
their  belly  upwards." 
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and  they  are  accompanied  by  several  other  oi^ans  whicli  vertebrates 
have  not ;  while  these  on  the  otier  hand  have  several  which  are  want- 


We  shall  see  aftenvarda  the  general  principles  which  Cuvier  himself 
considered  as  the  beat  guides  in  these  reasonings.  But  I  will  firat  add 
a  few  words  on  the  disposition  ot  the  schi  ol  n<w  umlei  a  nsideration, 
to  reject  all  assumption  of  an  end 

2.  That  the  parts  of  the  bodies  ot  animals  aie  made  in  older  to 
dischai^e  their  respective  offices  is  a  conviction  which  -ne  cannot 
believe  to  be  otherwise  than  an  memovable  principle  of  the  philoso 
phy  of  oiganization,  when  we  see  the  manner  m  which  it  hta  con 
stantly  forced  itself  upon  the  minds  of  zoologists  and  anatomists  in  all 
ages ;  not  only  as  an  inference,  but  as  a  guide  whose  indurations  thej 
could  not  help  following,  I  hai  e  already  noticed  expressions  of  fhi^ 
conviction  in  some  of  the  principal  persons  who  occur  iu  the  history 
of  physiology,  as  Galen  and  Harvey.  1  might  add  many  more,  but  I 
will  content  myself  with  adducing  a  contemporary  of  Geoffroy's  whose 
testimony  is  the  more  remarkable,  because  he  obviously  shaves  with 
his  countryman  in  the  common  prejudice  against  the  use  of  final 
causes.  "I consider,"  he  says,  in  speaking  of  the  provisions  for  the 
reproduction  of  animals,"  "  with  the  great  Bacon,  the  philosophy  of 
final  causes  as  sterile  ;  but  I  have  elsewhere  acknowledged  that  it  was 
very  difficult  for  the  most  cautious  man  never  to  have  recourse  to 
them  in  his  explanations."  After  the  survey  which  we  ha  e  hid  to 
take  of  the  history  of  physiology,  we  cannot  but  see  tl  at  the  ass  nj 
tion  of  final  causes  in  this  branch  of  science  is  so  &  f  om  be  ng 
sterile,  that  it  has  had  a  large  share  in  every  disco  erj  wh  cl 
included  in  the  existing  mass  of  real  knowledge.  The  ise  of  e  er> 
oi^n  has  been  discovered  by  starting  from  the  ass  n  pt  on  that  t 
must  have  some  use.  The  doctrine  of  the  circulation  of  the  blood 
was,  as  we  have  seen,  clearly  and  professedly  due  to  th  persua  on  of 
a  purpose  in  the  circulatory  apparatus.  The  study  ot  con  \  arat  e 
anatomy  is  the  study  of  the  adaption  of  animil  structures  to  the  r 
purposes.  And  we  shall  soon  have  to  show  that  th  concept  on  of 
final  causes  has,  in  our  own  times,  been  so  far  from  b^^en,  that  1 1  as, 
in  the  hands  of  Cuvier  and  others,  enabled  us  to  become  intimately 
acquainted  with  vast  departments  of  zoology  to  whiih  we  ha\e  no 
other  mode  of  access.     It  has  placed  before  us  m  a  complete  state. 


"  Cabanis,  Rapports  da  Phydq-ue  el  du  Moral   de  IH  m 
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animals,  of  which,  for  thousands  of  years,  only  a  few  ft-agmenta  have 
existed,  and  which  differ  widely  from  all  existiag  animals ;  and  it  has 
given  birth,  or  at  least  has  given  the  greatest  part  of  its  importance 
and  interest,  to  a  science  which  forma  one  of  the  brightest  parts  of  the 
modem  progress  of  knowledge.  It  ia,  therefore,  very  fai-  ii-om  being  a 
vague  and  empty  assertion,  when  we  say  that  final  causes  are  a  real 
and  indestructible  element  in  zoological  philosophy ;  and  that  the  ex- 
clusion of  them,  as  attempted  by  the  school  of  which  we  apeak,  ia  a 
fundamental  and  most  mischievous  error. 

8.  Thus,  though  the  physiologist  maypersuadehiinself  that  he  ought 
not  to  refer  to  final  causes,  we  find  that,  practically,  he  cannot  help 
doing  this ;  and  that  the  event  shows  that  his  practical  habit  is  right 
and  well-founded.  But  he  may  still  cling  to  the  speculative  diffionlties 
and  doubtsin  which  such  subjects  may  be  in^olvelby  opswi  lonii 
derations.  He  may  say,  as  SiintHdine  does  siy"  "I  ascribe  no 
intention  to  God,  for  I  mistrust  the  feeble  poncrs  of  my  reason  I 
observe  facts  merely,  and  go  no  turthei  I  only  pretend  to  the  chi 
racter  of  the  historian  of  vikat  js  '  "I  cannot  mike  Niture  an 
intelligent  being  who  does  nothing  m  >ain,  who  af  ts  by  the  shorfeat 
mode,  who  does  all  for  the  best ' 

I  am  not  going  to  enter  at  an>  length  mto  thia  subject,  which,  thu- 
considered,  is  metaphysical  and  theolot^ifil,  lather  thm  phj siological 
If  any  one  maintain,  as  some  have  mamtained,  that  no  manifestation 
of  means  apparently  used  for  ends  m  natuie,  can  prove  the  existence  of 
design  in  the  Author  of  nature,  this  la  not  the  place  to  refute  snch  in 
opinion  in  its  general  form.  But  I  think  it  may  be  worth  while  to 
show,  that  even  those  who  incline  to  such  an  opinion,  still  cannot  resist 
the  necessity  which  compels  men  to  assume,  in  organized  beings,  the 
existence  of  an  end. 

Among  the  philosopheis  who  haie  referied  our  conviction  of  tlit 
being  of  God  to  om  moril  nature  and  haie  denied  the  possibility  of 
demonstration  on  mere  physical  grounds,  Kant  is  perhaps  the  moat 
eminent.  Yet  he  his  issertcd  the  leahty  of  such  a  pnnnple  of  phy 
siology  as  we  are  now  maiutaimng  in  the  most  emphatic  manner 
Indeed,  this  assumption  of  an  end  makes  his  lery  definition  of  an 
organized  being.  An  organized  picduct  of  nature  la  that  in  which 
all  the  parts  are  mutually  enda  and  means  '  And  thi"  he  says  is  a 
universal  and  necessary  maxim.     He  adds,  "It  ia  well  known  that  the 


"  Phil.  Zool.  p.  10.  "    Urtheihlcraft,  p.  2 
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aiiatomizers  of  plants  and  animals,  in  order  to  investigate  their  struc- 
ture, and  to  obtain  an  insight  into  the  grounds  why  and  to  what  end 
such  parts,  wty  such  a  situation  and  connexion  of  the  parts,  and 
exactly  such  an  internal  foim,  come  before  them,  assume,  as  indispen- 
sably necessary,  this  maxim,  that  in  such  a  creature  nothing  is  in  vain, 
and  proceed  upon  it  in  the  same  way  in  which  in  general  natural  phi- 
losophy we  proceed  upon  the  principle  Qiat  mlhinff  Tia^^iens  by  chance. 
In  feet,  they  can  as  little  free  themselves  from  this  (e/wfoiiicai  principle 
as  from  the  general  physical  one ;  for  as,  on  omitting  the  latter,  no 
experience  would  be  possible,  so  on  omitting  the  former  principle,  no 
clue  could  exist  for  the  observation  of  a  Mnd  of  natural  objects  which 
can  be  considered  teleologically  under  the  conception  of  natui'al  ends." 
Even  if  the  reader  should  not  follow  tlie  reasoning  of  this  celebrated 
philosopher,  he  will  still  have  no  difficulty  in  seeing  that  he  asserts,  in 
the  most  distinct  manner,  that  whicli  is  denied  by  the  author  whom 
we  have  before  quoted,  the  propriety  and  necessity  of  assuming  the 
existence  of  an  end  as  our  guide  in  tlie  study  of  animal  organization. 

4.  It  appears  to  me,  therefore,  that  whether  we  judge  from  the  argu- 
ments, the  results,  the  practice  of  physiologists,  their  specolative 
opinions,  or  those  of  tli  e  philosophers  of  a  wider  field,  we  are  led  fo  the 
same  conviction,  that  in  the  oi^anized  world  we  may  and  must  adopt 
the  belief  that  organization  exists  for  its  purpose,  and  that  the  appre- 
hension of  the  puipose  may  guide  us  in  seeing  the  meaning  of  the 
organization.  And  I  now  proceed  fo  show  how  this  principle  has  been 
brought  into  additional  clearness  and  use  by  Cuvier. 

In  doing  tJiis,  I  may,  perhaps,  be  allowed  to  mate  a  reflection  of  a 
kind  somewhat  different  from  the  preceding  remarks,  though  suggested 
by  them.  In  another  work,"  I  endeavored  to  show  that  those  who 
have  been  discoverers  in  science  have  generally  had  minds,  tlie  dispo- 
sition of  which  was  to  believe  in  an  intelligent  Maker  of  the  universe ; 
and  that  the  scientific  speculations  which  produced  an  opposite  ten- 
dency, were  generally  those  which,  though  they  might  deal  familiariy 
with  known  physical  truths,  and  conjecture  boldly  with  regai'd  to  the 
unknown,  did  not  add  to  the  number  of  solid  generalizations.  In  order 
to  judge  whether  this  remark  is  distinctly  applicable  in  the  case  now 
considered,  I  should  have  to  estimate  Cuvier  in  comparison  with  other 
physiologists  of  his  time,  which  I  do  not  presume  to  do.     But  I  may 


"  Bridffeaakr  Ti-ealise,  Ji.  iii.  o.   vi!.  and  viii.     On  Induotivo  Habits  of 
Thonght,  and  on  Deduotiva  Hnbits  of  Thought. 


d  by  Google 


492  IIISTOEY  OF  PHYSIOLOfiY. 

observe,  that  lie  Js  allowed  by  all  to  iiave  established,  on  an  indestructi- 
ble basis,  many  of  tlie  moat  important  generalizations  which  zoology 
now  contains;  and  the  principal  defect  which  his  critics  have  pointed 
out,  has  been,  that  he  did  not  generalize  still  more  widely  and  boldly. 
It  appears,  therefore,  that  he  cannot  but  be  placed  among  tlie  great 
discoverers  in  the  studies  which  lie  pui-sued;  and  thia  being  the  case, 
those  who  look  with  pleaam-c  on  the  tendency, of  the  thoughts  of  Hie 
greatest  men  to  an  Intelligence  far  higher  than  their  own,  must  be 
gratified  to  find  that  he  was  an  example  of  this  tendency ;  and  that 
the  actnowledgement  of  a  creative  purpose,  as  well  as  a  creative  power, 
not  only  entered  into  his  belief,  but  made  an  indispensable  and  promi- 
nent part  of  his  philosophy. 

Sect.  3. — Ustttblishment  and  AppUcation  of  the  Principle  of  the  Gon- 
diliom  of  Existence  of  Animals. — Cuviei: 

We  have  now  to  describe  more  in  detail  the  doctrine  which  Cuvier 
maintained  in  opposition  to  such  opinions  sa  we  have  been  speaking  of; 
and  which,  in  his  way  of  applying  it,  we  look  upon  as  a  material 
advance  in  physiological  knowledge,  and  therefore  give  to  it  a  distinct 
place  in  our  history.  "  Zoology  has,"  he  says,*'  in  the  outset  of  his 
Bi^,gne  Animal,  "  a  principle  of  reasoning  which  is  peculiar  to  it,  and 
which  it  employs  with  advantage  on  many  occasions  :  this  is  the  prin- 
ciple of  (Ae  Conditions  of  Hxistence,  vulgarly  the  principle  of  Fiiml 
Cause3,\  As  nothing  can  exist  if  it  do  not  combine  all  the  conditions 
which  render  its  existence  possible,  the  different  pai-ts  of  each  being 

.  must  be  co-ordinated  in  such  a  manner  as  to  render  the  total  being 
possible,  not  only  in  itself,  but  in  its  relations  to  those  which  surround 

I  it ;  and  the  analysis  of  these  conditions  often  leads  to  general  laws,  as 
clearly  demonstrated  as  those  which  result  fem  calculation  or  from 
espeiionce." 

This  is  the  ennnciation  of  his  leading  principle  in  general  terms. 
To  our  ascribing  it  to  him,  some  may  object  on  the  ground  of  its  being 
self-evident  in  its  nature,^"  and  having  been  very  anciently  applied. 
But  to  this  we  reply,  that  the  principle  must  be  considered  as  a  real 
discovery  in  the  hands  of  him  who  flret  shows  how  to  make  it  an  in- 
strument of  other  discoveries.  It  is  true,  in  other  oases  as  well  as  in 
this,  that  some  vague  apprehension,  of  tme  general  piinciples,  such  as  a 

"  Eigne  An.  p.  6.  ™  Swainaon,  Siiid^  of  Nai.  Hist.  p.  85. 
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priori  considerations  can  supply,  has  long  preceded  the  knowledge  of 
them  as  real  and  verified  laws.  In  such  a  way  it  was  seen,  before 
Newton,  that  ihe  motions  of  the  planets  must  result  from  attraction ; 
and  so,  before  Dufey  and  Franilin,  it  was  held  that  electrical  actions 
must  result  from  a  fl.uid,  Cuvier's  merit  consisted,  not  in  seeing  that 
an  animal  cannot  exist  without  combining  all  the  conditions  of  its  exist- 
ence; but  in  perceiring  that  this  truth  may  be  taken  as  a  guide  in  our 
researches  concerning  animals ; — that  the  mode  of  their  existence  may 
be  collected  from  one  part  of  their  structure,  and  then  applied  to  inter- 
pret or  detect  an  other  part.  He  went  on  the  supposition  not  only  that  ani- 
mal forms  have  some  plan, some  purpose,  but  that  they  have  an  intelligible 
plan,  a  discoverable  purpose.  He  proceeded  in  his  investigations  like 
the  decipherer  of  a  manuscript,  who  makes  out  his  alphabet  from  one 
part  of  the  context,  and  then  applies  it  to  read  the  rest.  The  proof 
that  his  principle  was  something  very  different  from  an  identical  pro- 
position, ia  to  be  found  in  the  feet,  that  it  enabled  him  to  uniierstand 
and  arrange  the  structures  of  animals  with  unprecedented  clearness  and 
completeness  of  order ;  and  to  restore  the  fonns  of  the  extmct  animals 
which  are  found  in  the  rocks  of  the  earth,  in  a  manner  which  has 
been  universally  assented  to  as  irresistibly  convincing.  These  results 
cannot  flow  from  a  trifling  or  barren  principle ;  and  they  show  its  that  if 
we  are  disposed  to  form  such  a  judgment  of  Cuvier's  doctrine,  it  must 
be  because  we  do  not  fully  apprehend  its  import. 

To  illustrate  this,  we  need  only  ijnote  the  statement  which  he  makes, 
and  the  uses  to  which  he  applies  it.  Tlius  in  the  Introduction  to  his 
great  work  on  Fossil  Remains  lie  says,  "  Every  organized  being  forms 
an  entire  system  of  its  own,  all  the  parts  of  which  mutually  correspond, 
and  concur  to  produce  a  certain  definite  purpose  by  reciprocal  reaction, 
or  by  combining  to  the  same  end.  Hence  none  of  these  separate  parts 
can  change  their  forms  without  a  corresponding  change  in  the  other 
parts  of  the  same  animal ;  and  consequently  each  of  these  parts,  taken 
separately,  indicates  all  the  other  parts  to  which  it  has  belonged.  Thus, 
if  the  viscera  of  an  animal  are  so  organized  as  only  to  be  fitted  for  the 
digestion  of  recent  flesh,  it  is  also  requisite  that  the  jaws  should  be  so  con- 
structed as  to  fit  them  for  devouring  prey;  the  claws  mnst  be  constructed 
for  seizing  it  and  tearing  it  to  pieces ;  the  teeth  for  cntting  and  dividing 
its  flesh ;  the  entire  system  of  the  limbs  or  organs  of  motion  for  pur- 
suing and  overtaking  it ;  and  the  organs  of  sense  for  discovering  it  at 
a  distance.  Nature  mnst  also  have  endowed  the  brain  of  the  animal 
with  instincts  sufficient  for  concealing  itself,  and  for  laying  plans  to 
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cateli  its  necessary  victims.""  By  such  considerations  ]ie  has  been 
able  to  reconsiruct  the  whole  of  many  animals  of  which  parts  only  were 
g^vea; — a  positive  result,  which  shows  both  the  reality  and  the  value 
of  the  truth  on  which  he  wrought. 

Another  great  example,  equally  showing  the  immense  importance 
of  this  principle  in  Cuvier'a  hands,  is  the  reform  which,  by  means  of 
it,  he  introduced  into  the  classification  of  animals.  Here  again  we 
may  quote  the  view  he  himself  has  given"  of  the  character  of  his  own 
improvements.  In  studying  the  physiology  of  the  natural  classes  of 
vert«brat«  animals,  he  found,  he  says,  "in  the  respective  quantity  of 
their  respiration,  the  reason  of  the  quantity  of  their  motion,  and  con- 
sequently of  the  kind  of  locomotion.  This,  again,  fiimishes  the  rea- 
son for  the  forms  of  their  skeletons  and  muscles;  and  the  energy  of 
their  senses,  and  the  force  of  their  digtetion,  are  in  a  necessary  pro- 
portion to  the  same  quantity.  Thus  a  division  which  had  til!  then 
been  established,  like  that  of  vegetables,  only  upon  observation,  was 
found  to  rest  upon  causes  appreciable,  and  applicable  to  other  cases." 
Accordingly,  he  applied  this  view  to  invertebrates; — examined  the 
modifications  which  take  place  in  their  otgans  of  circulation,  respiration, 
and  sensation;  and  having  calculated  the  necessary  results  of  these 
modifications,  ho  deduced  from  it  a  new  division  of  those  animals,  in 
which  they  are  arranged  according  to  their  true  relations. 

Such  have  been  some  of  the  results  of  the  principle  of  the  Condi- 
tions of  Existence,  as  apphed  by  its  great  assertor. 

It  is  clear,  indeed,  that  such  a  principle  could  acquire  its  practical 
value  only  in  the  hands  of  a  pei'son  intimately  acquainted  with  anatomi- 
cal details,  with  the  functions  of  the  oi^ns,  and  with  their  variety  in 
difi'erent  animals.  It  is  only  by  means  of  such  nutriment  that  the 
embryo  truth  could  he  developed  into  a  vast  tree  of  science.  But  it 
is  not  the  less  clear,  that  Cuvier's  immense  knowledge  and  great  pow- 
ers of  thought  led  to  their  results,  only  by  being  employed  under  the 
guidance  of  this  master-principle :  and,  therefore,  we  may  justly  consi- 
der it  as  the  distinctive  feature  of  his  speculations,  and  follow  it  with 


a  gratified  eye,  as  the  thread  of  gold  which  runs  through,  connects, 
and  enriches  his  zoological  researches : — gives  them  a  deeper  interest 
and  a  higher  valne  than  can  belong  to  any  view  of  the  organical 
sciences,  in  which  the  very  essence  of  organization  is  kept  out  of 


"  TUmyofm  Sartlv,  p.  90. 
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'hilosopher,  who  knows  that  all  the  kinds  ol  tiuth  iiu  in 
Y  connectefJ,  aad  that  all  the  test  hopes  and  eni^ouragements 
which  are  granted  to  our  nature  must  be  consistent  with  truth,  will  he 
satisfied  and  confirmed,  father  than  surprised  and  disturbed,  thus  to 
find  the  Natural  Sciences  leading  him  to  the  bordei-s  of  a  highei  legion 
To  him  it  will  appear  natural  and  reasonable,  that  after  journeying  bo 
long  among  the  beautiful  and  orderly  laws  by  which  the  universe  is 
governed,  we  find  ourselves  at  last  approaching  to  a  Source  of  order 
and  law,  and  intellectual  beauty : — that,  after  venturing  into  the  region 
of  life  and  feeling  and  will,  we  are  led  to  believe  the  Fountain  of  life 
and  will  not  to  be  itself  unintelligent  and  dead,  but  to  be  a  living  Mind, 
a  Power  which  aims  as  well  as  acts.  To  us  this  doctrine  appears  like 
the  natural  cadence  of  the  tones  to  which  we  have  so  long  been  listen- 
ing; and  without  such  a  final  strain  our  ears  would  have  been  left 
craving  and  nnsatisfled.  We  have  been  Hngering  long  amid  the  har- 
monies of  law  and  symmetry,  constancy  and  development ;  and  these 
notes,  though  their  music  was  sweet  and  deep,  must  too  often  have 
sounded  to  the  ear  of  our  moral  nature,  as  vague  and  unmeaning 
melodies,  floating  in  the  air  around  us,  but  conveying  no  definite  thought, 
moulded  into  no  intelligible  announcement.  But  one  passage  which 
we  have  again  and  again  caught  by  snatches,  though  sometimes  inter- 
rupted and  lost,  at  last  swells  in  our  ears  full,  clear,  and  decided  ;  and 
the  religious  "  Hynm  in  honor  of  the  Creator,"  to  which  Galen  so 
gladly  lent  his  voice,  and  in  which  the  best  physiologists  of  succeeding 
times  have  ever  joined,  is  filled  into  a  richer  and  deeper  harmony  by 
the  greatest  philosophers  of  these  later  days,  and  will  roll  on  hereafter 
the  "  perpetual  soug"  of  the  temple  of  science. 
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DI  qutbus  imperium  est  Miimarum,  Urabrbet[ue  aileiites 
Et  Chaos,  et  Phlegetton,  loca  nocte  silentia  la,!^, 
Sit  mibi  fas  audita  loqia ;  tit,  nnmine  vestio 
Pandere  res  alta  teriA  et  ealigine  mei-ess. 

Virgil.    yEn.  vi.  i 

Ye  Mighty  Ones,  who  sway  the  Souls  that  go 

Amid  the  maivela  of  the  world  below ! 

Ye,  silent  Shades,  who  sit  and  hear  aroinid ! 

Chaos !  and  Sti'eamfl  that  buiii  beneath  the  ground ! 

All,  all  forgive,  if  by  your  converse  stined, 

My  lips  shall  ntter  what  mj  eai-s  have  heai'd ; 

If  I  shall  speak  of  things  of  doiibtfnl  birth, 

Deep  sunk  in  darkness,  as  deep  sunk  in  earth. 
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Of  the  Palatiologieal  Sciences, 

VE  now  approach  the  last  Class  of  Sciences  which  enter  into  tie 
design  of  the  present  work  ;  and  of  these,  Geology  is  the  repre- 
sentative, whose  histoiy  we  shall  therefore  briefly  follow.  By  the 
Class  of  Sciences  to  which  I  have  referred  it,  I  mean  to  point  out 
those  researches  in  which  the  ohject  is,  to  ascend  from  the  present 
state  of  things  to  a  more  ancient  condition,  from  which  the  present  is 
derived  by  intelligible  causes. 

The  sciences  which  treat  of  causes  have  sometimes  been  termed 
mtiological,  from  aWia,  a  cause :  but  this  term  would  not  sufficiently 
describe  the  speculations  of  which  we  now  speak ;  since  it  might 
include  sciences  which  treat  of  Permanent  Causality,  lite  Mechanics, 
as  well  as  inquiries  concerning  Progressive  Causation.  The  investi- 
gations which  I  now  wish  to  gronp  together,  deal,  not  only  with  the 
possible,  hut  with  the  actual  past ;  and  a  portion  of  that  science  on 
which  we  are  about  to  enter,  Geology,  has  properly  been  termed  Pa- 
Iceontology,  since  it  treats  of  beings  which  formerlv  existed.'  Hence, 
combining  these  two  notions'  Paiwi  olo^y  appears  to  be  a  term  not 
inappropriate,  to  describe  those  apeculatioi  s  which  thus  refer  to  actual 
past  events,  and  attempt  to  explam  them  ly  laws  of  causation. 

Such  speculations  are  not  confine  i  to  the  w  orl  1  of  inert  matter ; 
we  have  examples  of  them  m  inqunie^  concerning  the  monuments  of 
the  ai-t  and  labor  of  distant  ages  m  exammations  into  the  origin  and 
early  progress  of  states  and  cities  customs  and  languages ;  as  well  as 
in  researches  concerning  the  tanses  and  formations  of  mountains  and 
rocks,  the  imbedding  of  fossils  m  strata  and  their  elevation  from  tbe 
bottom  of  the  ocean.  All  these  speculations  are  connected  by  this 
bond, — that  they  endeavor  to  ascend  to  a  past  state  of  things,  by  the 
aid  of  the  evidence  of  the  jrcspnt      In  assert  ig  with  Cuvier,  that 
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"  The  geolg(,iat  lo  an  dutiquary  of  a  new  order,"  we  do  aiot  mark  a 
fanciful  and  ttipeiflcial  resemblance  of  employment  merely,  but  a  real 
and  piilosophical  connexion  of  the  principles  of  investigation.  The 
oiganic  fossils  which  occur  in  the  rock,  and  the  medals  whieh  we  find 
in  the  rums  of  ancient  cities,  are  to  be  studied  in  a  similar  spirit  aud 
for  a  similar  puipose.  Indeed,  it  is  not  always  easy  to  know  where 
the  task  of  the  geologist  ends,  and  that  of  the  antiquary  begins.  The 
study  of  ancient  geography  may  involve  us  in  the  examiLatioc  of  the 
causes  by  which  the  forms  of  coasts  and  plains  are  changed  ;  the  an- 
cient mound  or  scarped  rock  may  force  upon  us  the  problem,  ivhether 
its  form  is  the  work  of  nature  or  of  man ;  the  ruined  temple  may 
exhibit  tlie  traces  of  time  in  its  changed  level,  and  sea-worn  columns ; 
and  thus  the  antiqnaiian  of  the  earth  may  be  brought  into  tlie  very 
middle  of  the  domain  belonging  to  the  antiquarian  of  art. 

Snch  a  union  of  these  different  kinds  of  archEcological  investigations 
has,  in  iact,  repeatedly  occurred.  The  changes  which  have  taken 
place  in  tJie  temple  of  Jupiter  Serapis,  near  Puzzuoli,  are  of  the  sort 
which  have  ju^t  been  described ;  and  this  is  only  one  example  of  a 
large  class  of  objects ; — the  monuments  of  art  converted  into  records 
of  natural  events.  And  on  a  wider  scale,  we  find  Cuvier,  in  his  inqui- 
ries into  geological  changes,  bringing  together  historical  and  physical 
evidence.  Dr.  Prichard,  in  his  Researches  into  the  Fhyskal  History 
of  Man,  has  shown  that  to  execnt«  such  a  desiga  as  his,  we  must 
combine  the  knowledge  of  the  physiological  laws  of  nature  with  the 
traditions  of  history  and  tlie  philosophical  comparison  of  languages. 
And  even  if  we  refuse  to  admit,  as  part  of  the  business  of  geology, 
inquiries  concerning  tlie  origin  and  physical  history  of  the  present 
population  of  the  globe  ;  still  the  geologist  is  compelled  to  take  an 
interest  in  such  inqairies,  in  order  to  understand  matters  which  rigor- 
ously belong  to  his  proper  domain  ;  for  the  ascertained  history  of  the 
present  state  of  things  offers  the  best  means  of  throwing  light  upon 
the  causes  of  j)ast  changes.  Mr.  Lyell  quotes  Dr.  Prichard'a  book 
more  frequently  than  any  geological  work  of  the  same  extent. 

Again,  we  may  notice  another  common  circumstance  in  tlie  studies 
which  we  are  grouping  together  as  palsetiological,  diverse  as  they  are 
in  their  subjects.  In  all  of  them  we  have  the  same  kind  of  manifesta- 
tions of  a  number  of  successive  changes,  each  springing  out  of  a  pre- 
ceding state ;  and  in  all,  the  phenomena  at  each  step  become  more 
and  more  complicated,  l.y  involving  the  results  of  all  that  has  preceded, 
modified  by  supervening  agencies.     The  general  aspect   of  all  these 
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trains  of  change  is  similar,  and  offers  the  same  features  for  description. 
ITie  relics  and  rnins  of  the  earlier  states  are  preserved,  mntilated  and 
dead,  in  the  prodncts  of  later  times.  The  analogical  figures  by  which 
we  are  tempted  to  express  this  relation  are  philosophically  true.  It  is 
more  than  a  m.eie  fanciful  description,  to  say  that  in  languages,  cus- 
toms, forms  of  Society,  political  institutions,  we  see  a  numher  of  forma- 
tions snper-imposed  upon  one  another,  each  of  which  is,  for  the  most 
part,  an  assemhlage  of  fragments  and  results  of  the  preceding  con- 
dition. Though  our  comparison  might  be  bold,  it  would  be  just, 
if  we  were  to  assert,  that  tlie  English  language  is  a  conglomerate 
of  Latin  words,  bound  together  in  a  Saxon  cement ;  the  fragments 
of  the  Latin  being  partly  portions  introduced  directly  from  the 
parent  quarry,  with  all  their  sharp  edges,  and  partly  pebbles  of  the 
same  material,  obscured  and  shaped  by  long  rolling  in  a  Norman 
or  some  other  channel.  Thiis  the  study  of  pahetiology  in  the  mate- 
rials of  the  earth,  is  only  a  type  of  similar  studies  with  respect  to 
all  the  elements,  which,  in  the  history  of  the  earth's  inhabitants, 
have  been  constantly  undergoing  a  series  of  connected  changes. 

But,  wide  as  is  the  view  which  such  considerations  give  us  of 
the  class  of  sciences  to  which  geology  belongs,  they  extend  still  far- 
ther. "  The  science  of  the  changes  which  have  taken  place  in  tie 
organic  kingdoms  of  nature,"  (such  is  the  description  which  has 
been  given  of  Geology,')  may,  by  following  another  set  of  connex- 
ions, be  extended  beyond  "  the  modifications  of  the  suriace  of  our 
own  planet."  For  we  cannot  donht  that  some  resemblance  of  a  closer 
or  looser  kind,  has  obtained  between  the  changes  and  causes  of 
change,  on  other  bodies  of  the  universe,  and  on  our  own.  The 
appearances  of  something  of  the  kind  of  volcanic  action  on  the  sur- 
fece  of  the  moon,  are  not  to  be  mistaken.  And  the  inquiries  con- 
cerning the  origin  of  our  planet  and  of  our  solar  system,  inquiries  to 
which  Geology  irresistibly  impels  her  students,  direct  us  to  ask 
what  information  the  rest  of  the  nnivei'se  can  supply,  bearing  upon 
this  subject.  It  has  been  thought  by  some,  that  we  can  trace  sys- 
tems, more  or  Icm  like  our  solar  system,  in  the  process  of  forma- 
tion ;  the  nebulous  matter,  which  is  at  first  expansive  and  attenu- 
ated, condensing  gradually  into  suns  and  planets,  WhetJier  this 
Nebular  Hypothesis  be  tenable  or  not,  I  shall  not  here  inquire  ;  but 
the  discussion  of  such  a  question  would  be  closely  connected  with 

^  Lyeil,  FrindpUs  of  Geology,  p.  I. 
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geology,  I:  tl  u  its  ]nt*i  ?h  ani  ii  its  methods  It  men  at  Cicr 
able  to  frami,  a  science  oi  the  past  change  by  uliich  the  nniverac 
has  been  lion^ht  mfo  its  present  condition  this  science  -niU  be  pro 
periy  descnbel  is  Oosmwal  Palasbology 

Tliese  palffitiologicsl  sciences  might  pioperly  he  called  h  lonca!  it 
that  term  >sere  sufficiently  piecise  tor  they  are  all  of  the  natnre  of 
histoiy,  being  conceme  I  with  the  6ni,ces3]on  of  e^enf  and  the  piit 
of  historj  wiiich  leils  with  the  past  cause?  ot  events,  »  m  fact  a 
moral  palsetiolog)  But  the  phnse  Natmal  Mwt  ij  has  so  accu'i 
tomed  us  to  a  use  of  the  word  history  in  which  we  have  nothing  h. 
do  with  time,  that,  if  we  i>  ere  to  employ  the  word  hisloncal  to  descnbe 
the  palEBtiological  sciences,  it  would  he  in  constant  danger  of  being  mis- 
underatood.  The  feet  is,  as  Mobs  has  said,  that  Natural  History,  when 
systematically  treated,  rigorously  excludes  all  Uiat  is  historical ;  for  it 
classes  objects  by  their  permanent  and  universal  properties,  and  has 
nothing  to  do  with  the  narration  of  particular  and  casual  facts.  And 
this  is  an  inconsistency  which  we  shall  not  attempt  to  rectify. 

All  palsetiological  sciences,  since  they  undertake  to  refer  changes  to 
their  causes,  assume  a  certain  classification  of  the  phenomena  which 
change  brings  forth,  and  a  knowledge  of  the  operation  of  the  causes 
of  change.  These  phenomena,  these  causes,  are  very  different,  in  the 
branches  of  knowledge  which  I  have  thus  classed  together.  The 
natural  features  of  the  eartJi's  surface,  the  works  of  art,  the  institu- 
tions of  society,  the  forms  of  language,  taken  together,  are  undoubtedly 
a  very  wide  collection  of  subjects  of  speculation ;  and  the  kinds 
of  causation  which  apply  to  them  are  no  less  varied.  Of  the  canses 
of  change  in  the  inorganic  and  organic  world, — the  peculiar  principles 
of  Geology, — wo  shall  hereafter  have  to  speak.  As  these  mnst  be 
studied  by  the  geologist,  so,  in  like  manner,  the  tendencies,  instincts, 
faculti^  principles,  which  direct  man  to  architecture  and  sculpture,  to 
civil  govemmcnt,  to  rational  and  grammatical  speech,  and  which  have 
determined  the  circumstances  of  his  progress  in  these  paths,  must  be 
in  a  great  d^ree  known  to  the  Palsetiologist  of  Art,  of  Society,  and 
of  Language,  respectively,  in  order  that  he  may  speculate  soundly 
upon  his  peculiar  subject.  With  these  matters  we  shall  not  here 
meddle,  confining  oui-selves,  in  our  exemplification  of  the  conditions 
and  progress  of  such  sciences,  to  tlie  case  of  Geology. 

The  journey  of  survey  which  we  have  attempted  to  perform  over 
the  field  of  human  knowledge,  although  carefiilly  directed  according 
to  the    patl:a    and  divisions  of  the    physical    sciences,    has  already 
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conducted  na  to  tlie  boundaries  of  physical  science,  aixl  gives  us  a 
glimpse  of  the  region  beyond.  In  following  the  history  of  Life,  we 
found  ourselves  led  t«  notice  the  perceptive  and  active  faculties  of 
man;  it  appeared  that  there  was  a  ready  passage  from  phj-siology  t<i 
psychology,  from  physics  to  metaphysics.  In  the  class  of  scieneos 
now  under  notice,  we  are,  at  a  differeut  point,  carried  from  the  world 
of  matter  to  the  world  of  thought  and  feeling, — from  things  to  men. 
For,  as  we  have  already  said,  the  science  of  the  causes  of  change  in- 
cludes the  productions  of  Man  as  well  as  of  Nature.  The  history  of 
the  earth,  and  the  history  of  the  earth's  inhabitants,  ^  collected  from 
phenomena,  are  governed  by  the  same  principles.  Thus  the  portions 
of  knowledge  which  seek  to  ti'avel  back  towards  the  origin,  whether 
of  inert  things  or  of  the  works  of  man,  resemble  eaeh  other.  Both  of 
them  treat  of  events  as  connected  by  the  thread  of  time  and  causation. 
In  both  we  endeavor  to  learn  accurately  what  the  present  is,  andlience 
what  the  past  has  been.  Both  are  kinlorical  sciences  in  the  same  sense. 

It  must  be  recollected  that  I  am  now  speaking  of  history  as  retiolo- 
gical ; — !s  it  investigates  catises,  and  as  it  does  this  in  a  scientific,  that 
is,  in  a  rigorous  and  systematic,  manner.  And  I  may  observe  here, 
thongh  I  cannot  now  dwell  on  the  subject,  that  all  tetiological 
sciences  will  consist  of  three  portions ;  the  Description  of  the  facts  and 
phenomena ; — the  general  Theory  of  the  causes  of  change  appropriate 
to  the  case  ; — and  the  Application  of  the  theory  to  the  facts.  Thus, 
taking  Geology  for  our  example,  we  must  have,  first  Bescri^^tive  or 
Phenomenal  Geology ;  nest,  the  exposition  of  the  general  principles 
by  which  such  phenomena  can  be  produced,  which  we  may  term 
Geological  Dynamics  ■  and  lastly  doctrine?  hence  derived  is  to  whit 
have  been  the  caus  s  of  the  existing  state  ui  things  which  we  mv,  cili 
Physieal  Geology 

Tliese  thiee  branches  of  geology  mij  be  found  hequcntlj  oi  con 
stantiy  combined  in  the  works  of  writers  on  the  subject,  an  1  it  ma( 
not  always  be  easy  to  dis  nmmate  exactly  what  belongs  t>  each 
subject.*     Tut  the  amloffi    ft  th  s  sciLnce  with  others,  its  piesent 


"■  The  "ft  emeu  in^i  i  J  s  i  g  =1  g  th  ataAj  from  G  oUjv  and  Ic  g 
noting  it  ia  G'ogioay  the  Ir  ml  igf  n!  the  anrfli  appear  to  have  infeGdedio 
select  Deacnptire  fieology  f)r  tiieic  peeuUir  field.  In  like  mrnit  er  the 
original  ram  of  tlie  Gaologicil  Society  of  London  uliieh  was  formed  (18ll) 
"with  a  Tien"  to  record  and  multiply  obserrations,"  recognized  the  posBibility 
of  11  ]5eaeri]>tive  Geology  sepnratc  from  the  other  portions  of  the  scie^ije. 
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condition  and  ftitui'e  foi'tuiies,  will  derive  great  illustration  from  sucli 
a  distribtition  of  its  history  ;  and  in  this  point  of  view,  tkeieforo,  we 
shall  briefly  treat  of  it ;  dividing  the  history  of  Geological  Dynamics, 
for  the  sake  of  convenience,  into  two  Chapters,  one  referring  to  inor- 
ganic, and  one  to  organic,  pher 
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CHAPTER  I. 
Prelude  to  Systematic  Descriptive  Geology. 

Sect,  1. — Ancient  N'oUces  of  Geological  Fads. 

rilHE  recent  history  of  Geology,  us  to  its  most  important  points,  is 
J-  bound  up  witli  what  is  doing  at  present  from  day  to  day ;  and  that 
portion  of  the  history  of  the  science  which  belongs  to  the  past,  has 
been  amply  treated  by  other  writers/  I  shall,  therefore,  pass  rapidly 
over  the  series  of  events  of  which  this  history  consists  ;  and  shaJl  only 
attempt  to  mention  what  may  seem  to  illustrate  and  confirm  my  own 
view  of  its  state  and  principles. 

Agreeably  to  the  order  already  pointed  out,  I  shall  notice,  in  the  first 
place.  Phenomenal  Geology,  or  the  description  of  the  facts,  as  distinct 
from  the  inquiry  into  their  canses.  It  is  manifest  that  sueh  a  merely 
descriptive  kind  of  knowledge  may  exist ;  and  it  probably  will  not  be 
contested,  that  such  knowledge  ought  to  he  collected,  before  we 
attempt  to  frame  theories  concerning  the  causes  of  the  phenomena. 
But  it  must  be  observed,  that  we  are  here  speaking  of  the  formation 
of  a  science  ,•  and  that  it  is  not  a  collection  of  miscellaneous,  uncon- 
nected, unarranged  knowledge  that  can  bo  considered  a 
science ;  but  a  methodical,  coherent,  and,  as  far 
body  of  iacts,  exhibiting  fully  the  condition  of  the  earth  as  regards 
those  circumstances  which  are  the  subject  matter  of  geological  specu- 
lation. Such  a  Descriptive  Geology  is  a  pre-reqnisite  to  Physical 
Geolc^y,  jnst  as  Phenomenal  Astronomy  necessarily  preceded  Physical 
Astronomy,  or  as  Claesiflcatory  Botany  is  a  necessary  accompaniment 
to  Botanical  Physiology.  We  may  observe  also  that  Dracriptive  Geo- 
logy, such  as  we  now  speak  o^  is  one  of  the  classificatory  sciences,  hke 

'  As  MM.  Lyell,  Fittun,  Coiiybeare,  iu  m\-  own  couDtry. 
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Mineralogy  or  Botany  ;  and  will  be  f  u  d  t  :'\li  I  it  some  of  the  fea 
tures  of  that  class  of  sciences. 

Since,  then,  oar  History  of  Descriptive  beologj-  is  t  im-luJe  onlj 
systematic  and  scientific  descriptions  of  the  earth  or  portions  f  f  it,  i  e 
pass  over,  at  once,  all  the  casual  and  in-iulated  •stateineiits  of  facta 
though  they  may  bo  geological  facts,  which  occ  ir  m  early  writers 
such,  for  instance,  as  the  remark  of  Herodotus'  thit  theie  iie  shelU 
in  the  mountains  of  Egypt;  or  the  geiieiaJ  statumontt.  which  Ondpiita 
in  tie  mouth  of  Pythagoras  i' 

Vidi  ego  quod  fuerat  solidissimo  telius, 
Esse  ftetum ;  yidi  faotaa  ex  ffiquope  terras, 
M  procTil  a  pclago  oonclia)  jacuere  marinie. 

We  may  remark  here  already  how  generally  there  are  mingled  with 
dciseriptive  notices  of  such  geological  facta,  speculations  concerning 
their  causes.  Herodotus  refers  to  the  circumstance  just  quoted,  for  the 
purpose  of  showing  that  I^ypt  was  formerly  a  gulf  of  the  sea ;  and 
the  passage  of  the  Roman  poet  is  part  of  a  series  of  exemplifications 
which  he  gives  of  the  philosophical  tenet,  that  nothing  perish^  but 
everything  changes.  It  will  be  only  by  constant  attention  that  wl- 
shall  be  able  to  teep  our  pi'ovinces  of  geology  distinct. 

Seel.  'i.-~Early  Descriptions  and  C'oUeclions  of  dossils. 

If  we  look,  as  we  have  proposed  to  do,  for  systematic  and  exact  know- 
ledge of  geolc^cal  facts,  wo  find  nothing  which  we  can  properly 
adduce  till  we  come  to  modern  times.  But  when  fects  such  as  those 
already  meutioned,  (that  sea-shells  and  other  marine  objects  are  found 
imbedded  in  roets,)  and  other  circumstances  in  the  structure  of  the 
earth,  had  attracted  considerable  attention,  the  e\act  eiamination,  col 
lection,  and  record  ot  these  circumstances  began  to  be  attempted 
Among  such  steps  in  Descnptive  Geology,  we  may  notice  descnptions 
and  pietnrea  of  fossili,  dtscnptions  ot  veins  and  mines,  collections  of 
organic  and  inoi^nic  fossil",  maps  of  the  mineril  stiuctnie  of  cjun 
tries,  and  finally,  the  discoveries  concerning  the  supei position  of  stiatd, 
tlie  constancy  of  then  oiginn,  contenfa,  their  coiicspon deuce  in  diftei 
ent  countries,  and  such  gre^t  geneial  lelations  of  tl  e  mateiiala  anl 
features  of  the  earth  aa  hwe  been  di=co\Piel  up  f>  thi,  picsent  time 
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Without  attempting  to  assign  to  every  important  advance  its  authoi',  I 
shall  briefly  exemplify  each  of  the  modes  of  eotiti-ibuting  to  descriptive 
geology  which  I  have  jnst  enumerated. 

The  study  of  organic  fossils  w(b  first  pnisued  with  connexion  and  sys- 
tem in  Italy,  The  hills  which  on  each  side  skirt  the  mountain-range 
of  the  Apennines  are  singularly  rich  in  remains  of  marine  animals. 
"When  these  remarkable  otg'ects  drew  the  attention  of  thoughtful  men, 
controversies  soon  arose  whether  they  really  were  the  remains  of  living 
creatures,  or  the  productious  of  some  capricious  or  mysterious  power 
by  which  the  fonus  of  such  creatures  were  mimicted ;  and  again,  if 
the  shells  were  really  the  spoils  of  the  sea,  whether  they  had  been  cai'- 
ried  to  the  hills  by  the  deluge  of  which  the  Scripture  speaks,  or 
whether  they  indicated  revolutions  of  the  earth  of  a  different  kind. 
The  earlier  works  whieh  contain  the  descriptions  of  the  phenomena 
have,  in  almost  all  instances,  by  far  the  greater  part  of  their  pages 
occupied  with  these  speculations ;  indeed,  the  facts  could  not  be  studied 
without  leading  to  such  inferences,  and  would  not  have  been  collected 
but  for  the  interest  which  such  reasonings  possessed.  As  ont 
of  the  first  persons  who  applied  a  sound  and  vigorous  intellect  to 
these  subjects,  we  may  notice  the  celebrated  painter  Leonardo  da 
Vinci,  whom  we  have  already  had  to  refer  to  as  one  of  the  founders 
of  the  modern  mechanical  sciences.  He  strenuously  asserts  the 
contents  of  the  rocks  to  be  real  shells,  and  maintains  the  reality  of 
the  changes  of  the  domain  of  land  and  sea  which  these  spoils  of  the 
ocean  imply.  "  You  will  tell  me,"  he  says,  "  that  nature  and  the 
influence  of  the  stars  have  formed  these  shelly  forms  in  the  moun- 
tains ;  then  show  me  a  place  in  the  mountains  where  the  stars  at  the 
present  day  make  shelly  forms  of  different  ages,  and  of  different  spe- 
cies in  the  same  place.  And  how,  with  that,  will  yon  explain  tlie 
gravel  which  is  hardened  in  stages  at  different  heights  in  the  moun- 
tains S"  He  then  mentions  several  other  particulars  respecting  these 
evidences  that  the  existing  mountains  were  formerly  in  the  bed  of  the 
sea.  Leonardo  died  in  1519.  At  present  we  refer  to  geological 
essays  like  his,  only  so  far  as  they  are  descriptive.  Going  onwards 
with  this  view,  we  may  notice  Fracastoro,  who  wrote  concerning  the 
petri&ctions  which  were  brought  to  light  in  the  mountains  of  Verona, 
when,  in  ISlV,  they  were  excavated  for  the  purpose  of  repairing  the 
city.  Little  was  done  in  the  way  of  collection  of  facts  for  some  time 
after  this.  In  1669,  Steno,  a  Cane  resident  in  Italy,  put  fortli  his 
treatise.  Be  Solido  intra  Solid^m  naturaliter  coniento  ;  and  the  fol- 
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lowing  year,  Augnstino  Scilla,  a  Sicilian  painter,  published  a  Latin 
epistle,  De  Cwporibm  Marinis  Lapideicentibus,  illustrated  by  good 
engravings  of  fossil-shells,  teeth,  and  corals.'  After  another  interval 
of  speculative  controversy,  we  come  to  Antonio  Vallisneri,  whose  let- 
ters, J3e'  Corpi  Marini  cAe  m^  Monti  si  trovano,  appeared  at  Venice 
in  1721.  In  these  letters  he  describes  the  fossils  of  Monte  Bolca,  aad 
attempts  to  trace  the  extent  of  the  marine  deposits  of  Italy,'  and  to 
distinguish  the  most  important  of  the  fossils.  Similar  descriptions 
and  figures  were  published  with  reference  to  our  own  country  at  a 
later  period.  In  1766,  Erander's  Fossilia  Santoniensia,  or  Hamp- 
shire Fossils,  appeared ;  containing  excellent  figures  of  fossil  shells 
from  a  part  of  the  sonth  coast  of  England  ;  and  similar  works  camo 
forth  in  other  parts  of  Europe, 

However  exact  might  be  the  descriptions  and  figarcs  thus  produced, 
they  could  not  give  such  complete  information  as  the  objects  them- 
selves, collected  and  peimanently  preserved  in  museums.  Vallisneri 
says,'  that  having  begun  to  collect  fossils  for  the  purpose  of  forming  a 
grotto,  he  selected  the  beat,  and  preserved  them  "  as  a  coble  diversion 
for  the  more  curious."  The  museum  of  Caleeolarius  at  Verona  con- 
tained a  celebrated  collection  of  such  remains.  A  copious  description 
of  it  appeared  in  1622.  Such  collections  had  been  made  from  an  ear- 
lier period,  and  catalogues  of  tJieni  published.  Thns  Gessner's  work, 
JDe  Bm-um  Ji'ossilmtti,  Zapidum  et  Gemnmrum  Figuris  (1565),  con- 
tains a  catalogue  of  the  cabinet  of  petiifactions  collected  by  John 
Kentman ;  mauy  catalogues  ot  the  same  kind  appeared  in  the  seven- 
teenth century.'  Lhwyd's  Lylhophylaceii  Britanttici  leonoyrapMa, 
published  at  Oxford  in  1669,  and  exhibiting  a  very  ample  catalogue 
of  English  Fossils  contained  in  the  Ashmolean  Museum,  may  be  no- 
ticed as  one  of  these 

One  of  the  most  reinailiablc  occurrences  m  the  progress  of  descrip- 
tive geology  in  England,  i^as  tlie  formation  of  a  geological  museum 
by  William  Woodwatd  ts  eaily  as  1695.  This  collection,  formed 
with  great  labor,  s)  stematiially  airanged,  and  carefully  catalogued,  ho 
d  to  the  TJmvt,rsity  of  Cambridge  ;  founding  and  endowing 


'  Auguafine  Soilla's  original  firowiags  of  fossil  sliella,  teeth,  and  corals,  from 
which  the  engrnvinga  laentioned  in  the  text  wei'e  executed,  as  well  ns  the 
natural  objects  from  which  the  drttwinga  wei-a  made,  were  bought  by  Wood- 
ward, and  are  now  in  the  Woodwavdian  Museum  at  Cambridge. 

^  p.  20.  °  p.  i.  '  Parkinson,  Organic  Remains,  vol,  i,  [i.  2ii. 
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at  the  same  time  a  professorsliip  of  tie  study  of  geology.  The  Wood- 
wardiaii  Museum  still  subsists,  a  monument  of  the  sagacity  with  which 
its  author  so  early  saw  the  importance  of  such  a  collection. 

Collections  and  descriptions  of  foaails,  including  in  tlie  term  speci- 
mens of  minerals  of  all  kinds,  as  well  as  oi^anic  remains,  were  fre- 
quently made,  and  especially  in  places  where  mining  was  cultivated; 
but  under  such  circumstances,  they  scarcely  tended  at  all  to  that 
general  and  complete  knowledge  of  tlie  earth  of  which  we  are  now 
tracing  the  progress. 

In  more  modem  times,  collections  may  be  said  to  be  the  most 
important  books  of  the  geologist,  at  least  next  to  the  strata  themselves. 
The  identifications  and  arrangements  of  our  best  geologists,  the 
immense  studies  of  fossil  anatomy  by  Cnvier  and  others,  have  been 
conducted  mainly  by  means  of  collections  of  specimens.  They  are 
more  important  in  this  study  than  in  botany,  because  specimens  which 
contain  important  geological  infonnation  are  both  more  rare  and  more 
permanent  Plants,  though  each  individual  is  perishable,  perpetuate 
and  diffuse  their  kind ;  while  the  organic  impre^ion  on  a  atone,  f  lost 
may  never  occur  in  a  second  instance  ;  but,  on  the  other  ha  d  f  t 
be  preserved  in  the  museum,  the  individual  is  almost  as  j  er  ninent  n 
this  case,  as  the  species  in  the  other. 

I  shall  proceed  to  notice  another  mode  in  which  sit         t 
was  conveyed. 

Sect.  3. — .First  Construction  of  Geological  Maps. 

Dr.  LiaiEK,  a  learned  physician,  sent  to  the  Royal  Society,  in  1G83,  a 
proposal  for  maps  of  soils  or  minerals ;  in  which  he  suggested  that  in 
the  map  of  England,  for  example,  each  soil  and  its  boundaries  might 
be  distinguished  by  color,  or  in  some  other  way.  Such  a  mode  of  ex- 
pressing and  connecting  our  knowledge  of  the  materials  of  the  earth 
was,  perhaps,  obvious,  when  the  mass  of  knowledge  became  conside- 
rable. In  1720,  Fontenelle,  in  his  observations  on  a  paper  of  De  Eeau- 
mm-'s,  which  contained  an  account  of  a  deposit  of  fossil-shells  in  Tou- 
raine,  says,  that  in  order  to  reason  on  such  cases,  "we  must  have  a 
kind  of  geographical  charts,  constructed  according  to  the  collection 
of  shells  found  in  the  earth."  Bnt  he  justly  adds,  "  What  a  quantity 
of  observations,  and  what  time  would  it  not  require  to  form  such 
maps!" 

The  execution  of  such  projects  required,  not  merely  great  labor,  but 
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seveml  steps  in  generalization  and  claasification,  before  it  could  take 
place.  Still  such  attempts  were  made.  In  Ili3,  was  published,  A 
new  PhiloBOphico-chorograpkieal  Chart  of  East  Kent,  invented  and 
delineated  by  Christopher  Packe,  M.D. ;  in  which,  however,  the  main 
object  is  rather  to  express  the  coume  of  the  valleys  than  the  materials 
of  the  country,  Guettard  formed  the  project  of  a  mineralogical  map 
of  France,  and  Monnet  carried  this  scheme  into  effect  in  1780,'  "  by 
order  of  the  king."  In  these  maps,  however,  the  country  is  not  con- 
sidered as  divided  into  soils,  still  less  strata ;  but  each  part  is  marked 
with  its  predominant  mineral  only.  The  spirit  of  generalization  which 
constitutes  tLe  main  value  of  such  a  work  is  wanting. 

Geological  maps  belong  strictly  to  Descriptive  Geology ;  they  are 
free  irom  those  wide  and  donbtfu!  speculations  which  forjn  so  large  a 
portion  of  the  earlier  geological  books.  Yet  even  geological  maps 
cannot  be  usefully  or  consistently  constructed  without  considerable 
steps  of  classification  and  generalization.  When,  in  our  own  time, 
geologists  were  become  weary  of  controversies  respecting  theory,  they 
applied  themselves  with  extraordinary  zeal  to  the  construction  of  strati- 
grapliical  maps  of  various  countries ;  flattering  themselves  that  in  this 
way  they  were  merely  recording  incontestable  fects  and  differences. 
Nor  do  I  mean  to  intimate  that  their  facts  were  doubtful,  or  their  dis- 
tinctions arbitrary.  But  still  they  were  facta  interpreted,  associated, 
and  represented,  bymeans  of  the  classifications  and  general  laws  which 
earlier  geologists  had  established ;  and  thus  even  Descriptive  Geology 
has  been  brought  into  existence  aa  a  science  by  the  formation  of  sys- 
tems and  the  discovery  of  principles.  At  this  we  cannot  be  surprized, 
when  we  recollect  the  many  steps  which  the  formation  of  Classifica- 
tory  Botany  required.  We  must  now  notice  some  of  the  principal 
discoveries  which  tended  to  the  formation  of  Systematic  Descriptive 


'  Atlat  et  Bescripiioii MineraUgiqiie  delalBVmiee,  entrepris par ordrc  da  Moi; 
par  MM.  Guettard  et  Monnet,  Paris,  1780,  pp.  212,  with  31  niaps. 
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CHAPTER  IT. 
Formation  of  Systematic  Descbiptivb  Gboloo": 


Sect.  1. — Discover)/  of  the  Order  and  Stratijicalion  of  the  Materials 
of  the  Earth. 

rilHAT  the  substances  of  wliieh  the  earth  is  framed  are  not  scattered 
■^  and  mixed  at  random,  but  possess  identity  and  continuity  to  a 
considerable  extent,  Lister  was  aware,  when  he  proposed  his  map.  But 
there  is,  iu  his  suggestions,  nothing  relating  to  stratification ;  nor  any 
order  of  position,  still  less  of  time,  assigned  to  these  materials.  Wood- 
ward, however,  appears  to  have  been  folly  aware  of  the  general  law.  of 
stratification.  On  colleotiug  information  from  a!l  parts,  "  the  result 
was,"  he  says,  "  that  in  time  I  was  abundantly  assm'ed  that  the  circum- 
stances of  these  things  in  remoter  countries  were  much  the  same  with 
those  of  ours  here ;  that  the  stone,  and  otier  terrestrial  matter  in 
France,  Flanders,  Holland,  Spain,  Italy,  Germany,  Denmark,  and 
Sweden,  was  distinguished  into  strata  or  layers,  as  it  is  in  England ; 
tJiat  these  strata  were  divided  by  parallel  fissures ;  that  there  were 
enclosed  in  the  stone  and  all  the  other  denser  kinds  of  terrestrial 
matter,  great  numbers  of  the  sheila,  and  other  productions  of  the 
sea,  in  the  same  manner  as  in  that  of  this  island." '  So  remarka- 
ble a  trnth,  thus  collected  from  a  copious  collection  of  particulars 
by  a  patient  induction,  was  an  important  step  in  the  science. 

These  general  facts  now  began  to  be  commonly  recognized,  and  fol- 
lowed into  detail.  Stutely  the  antiquary"  (1724),  remarked  an  im- 
portant feature  in  the  strata  of  England,  that  their  escarpments,  or 
steepest  sides,  are  turned  towards  the  west  and  north-west ;  and  Stra- 
chey'  (1'719),  gave  a  stratigraphical  description  of  certain  coal-mines 
near  Bath.'     Michell,  appointed  Woodwardian  Professor  at  Cambridge 

'  Nataral  Matory  of  the  Earth,  1723. 

'  liinerarium  Curioitim,  172i. 

'  PUl.  Trma.  1719,  and  OtsewoiiiHM  on  Strata,  tfce.  1729. 

'  Fitton,  Annalt  of  PMlotophif,  N.  S.  Tol  i.  and  iL  (1832,  '3),  p.  1E7. 
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in.  1762,  described  this  stratified  stmctYire  of  tiie  earth  far  more  dis- 
tinctly than  his  predeeeBsors,  and  pointed  out,  as  tKo  conscqneiice  of 
it,  that  "  the  same  kinds  of  earths,  stones,  and  minerals,  will  appear  at 
the  surface  of  the  earth  in  long  parallel  slips,  parallel  to  the  long 
ridges  of  mountains ;  and  so,  in  feet,  we  find  them." ' 

Michell  (as  appeared  by  papers  of  his  which  were  examined  after 
his  death)  had  made  himself  acquainted  with  the  series  of  English 
strata  which  thus  occur  from  Cambridge  to  York ; — that  is,  from  the 


chalk  to  the  coal.  These  relati 
maps,  to  complete  the  informati 
uied  by  geological  Sections, 


s  of  position  required  that  g 
ition  they  conveyed,  should  he  accompa- 
■  imaginary  representations  of  the  order 
and  mode  of  superpositions,  as  well  as  of  the  superficial  extent  of  the 
strata,  as  in  more  recent  times  has  usually  been  done.  The  strata,  as 
we  travel  fi:om  the  higher  to  the  lower,  come  from  under  each  other 
into  view ;  and  this  out-cropping,  hasseting,  or  by  whatever  other  term 
it  is  described,  is  an  important  feature  in  their  description. 

It  was  farther  noticed  that  these  relations  of  position  were  combined 
with  other  important  facts,  which  irresistibly  suggested  the  notion  of  a 
relation  in  time.  This,  indeed,  was  implied  in  all  theories  of  the  earth ; 
but  observations  of  the  facts  most  require  our  notice.  Steno  is  asserted 
by  Humboldt'  to  be  the  first  who  (in  1660)  distinguished  between 
rocks  anterior  to  the  existence  of  plants  and  animals  upon  the  globe, 
containing  therefore  no  oiganic  remains ;  and  rocks  super-imposed  on 
these,  and  full  of  such  remains ;  "  tnrhidi  maris  sedimenta  sibi  invicem 
imposita." 

Eouelle  is  stated  by  his  pnpU  Desmarest,  to  have  made  some  addi- 
tional and  important  ofeervations.  "  He  saw,"  it  is  said,  "  that  the 
shells  which  occur  in  rocks  were  not  the  same  in  all  countries;  that 
cei-tain  species  occur  together,  while  others  do  not  occur  in  the  same 
beds ;  that  there  is  a  constant  order  in  the  arrangement  of  these  shells, 
certain  species  lying  in  distinct  bands."  ' 

Such  divisions  as  these  required  to  be  marked  by  tochnical  names. 
A  distinction  was  made  of  Vancienne  Ui-re  and  la  nouvelle  terre,  to 
which  Eonelle  added  a  travaille  inlermidiaire.  Rouelle  died  in  1770, 
having  been  known  by  lectures,  not  by  books.  Lehman,  in  1756, 
claims  for  himself  the  credit  of  being  the  first  to  observe  and  discribe 
correctly  the  structure  of  stratified  countries ;   being  ignorant,  pro- 

'  PhiL  JVoiss,  1760.  '  Easai  Geegnastique. 

''  Encyl.  MHkod.  Geogr.  Fkys.  torn,  i,p.  416,  quoted  by  Fittonns  above,  p.  159. 
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bably,  of  the  labors  of  St  achey  a  Enghnd  H  1  le  1  o  nt 
into  three  classes ;'  pn  t  we  t\Ii  ch  we  e  formed  vitl  tlie  w  o  Id  — 
th<»e  whicli  resulted  f  om  a,  pirtial  destni  t  on  of  the  p  m  t  ye  rocLs 
— and  a  third  class  resulting  hx)ii  local  or  nn  ersal  del  ^ea  I 
1759,  also,  Arduin  u  h  s  Memo  rs  on  the  fflonntajns  of  Pad  a 
Vicenza,  and  "Verona  de  kced  f  om  on  nal  ol  e  vat  on=i,  th  1 
tinction  of  rocts  into  pr  nary    e  onla-y  ind  t  rt  arj 

The  lelationa  of  pos  t  on  and  foss  la  were    fr  n    th  s  pe  o  1 
separably  connected  with   op  n  o  s    concern  ng  sn  ceas    n    n  t  n 
Odoardi  remarked      thit  the   st  ata  of  the   Sabaj  onii  ce  hilla  a 
•unamformable  to  tliose  ot  the  Apennme,  (as  Sti-achey  had  observed, 
that  the  strata  above  the  coal  were  unconformable  to  the  coal ;")  and 
hffi  work  contained  a  clear  argument  respecting  the  different  ages  of 
these  two  classes  of  hills.     Fnchsel  was,  in  1T62,  aware  of  the  distinct- 
ness of  strata  of  different  ages  in  Germany,     Pallas  and  Saussui-e  weri' 
guided  by  general  views  of  the  same  kind  in  observing  the  countries 
which  they  visited :  but,   perhaps,  the   general  circulation  of  sucli 
notions  was  most  dne  to  Werner. 


Sect.  2. — Systematic  form  given  to  Descriptive  Geology. —  Werner. 

Wbrnbb  expriased  tlie  general  relations  of  tlie  strata  of  the  earth  by 
means  of  clasaiflcations  which,  so  far  as  general  applicability  is  con- 
cerned, are  extremely  imperfect  and  arbitrary ;  he  promulgated  a 
theory  wMch  almost  entirely  neglected  all  the  facts  previously  dis- 
covered respecting  the  gronping  of  fossils,— wiiich  was  founded  upon 
observations  made  in  a  very  limited  district  of  Germany, — and  which 
was  contradicted  even  by  the  facts  of  this  district.  Yet  the  acnteneas 
of  his  discrimination  in  the  subjects  which  he  studied,  tke  generality 
of  tlie  tenets  he  asserted,  and  the  charm  wMch  he  threw  about  his 
speculations,  gave  to  Geol(^y,  or,  as  he  termed  it,  Geognosy,  a  popu- 
larity and  reputation  which  it  had  never  before  possessed.  His 
system  had  asserted  certain  universal  formations,  which  followed  each 
other  in  a  constant  order ; — granite  the  lowest, — then  mica-slate  and 
clay-slate ; — upon  these  primiiive  rocks,  generally  highly  inclined,  vest 
other  transition  sti-ata ; — upon  these,  lie  secondary  ones,  which  being 
more  nearly  Iiorizontal,  are  called  fl8tz  or  flat.    The  term  formation, 

'  Lyell,  i,  lO.  "  lb- 12. 

'"  lb.  1i.  "  FittOH,  p.  lET. 

Vol.  n.— 83. 
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which,  we  have  thus  iiitioducLi],  indicating  gioups  which,  hy  evidence 
of  all  kinds, — of  their  materials,  then  position,  and  their  organic  con- 
tents,— are  jndged  to  belong  to  the  same  peiiod,  implies  no  small 
amount  of  theory  :  yet  thisteim,  from  this  time  forth,  is  to  be  looked 
upon  as  a  term  of  classification  solelj,  so  far  as  classification  can  be 
separately  attended  to. 

"Werner'a  distinctions  of  strata  were  for  tlie  mtrat  part  drawn  from 
minoralogical  constitution.  Doubtless,  lie  could  not  fail  to  perceive 
the  great  importance  of  organic  fossils.  "  I  was  witness,"  says  M.  de 
Humboldt,  one  of  his  most  philosophical  followers,  "of  the  lively 
satisfaction  which  he  felt  when,  in  1792,  M,  de  Schlotheiro,  oec  of  the 
most  distinguished  geologists  of  the  school  of  Freiberg,  began  to  make 
the  relations  of  fossils  to  strata  the  principal  object  of  his  studies." 
But  Werner  and  tlie  disciples  of  his  school,  even  the  most  enlightened 
of  them,  never  employed  the  charact^M  derived  from  organic  reinains 
with  the  same  boldness  and  perseverance  as  tliose  who  had  from  the 
first  considered  them  as  the  leading  phenomena :  thus  M,  de  Hum- 
boldt expresses  doubts  which  perhaps  many  other  geologists  do  not 
feel  when,  in  1823,  he  says,  "Are  we  justified  in  concluding  that  all 
formations  are  characterized  by  particular  species  3  that  the  fossil- 
shells  of  the  chalk,  the  muschelkalk,  the  Jnra  limestone,  and  the 
Alpine  limestone,  are  all  different?  I  think  this  would  be  pushing  the 
induction  much  too  &x'.""  In  Prof.  Jamieson's  Geognosy,  which  may 
be  taken  aa  a  representation  of  the  Wernerian  doctrines,  oi^anic  fossils 
are  in  no  instance  rcfeiTed  to  as  characters  of  formations  or  strata, 
Aftei'  the  curious  and  important  evidence,  cont^ned  in  organic  fossils, 
which  had  been  brought  into  view  by  the  labors  of  Italian,  English, 
and  German  writer,  the  promulgation  of  a  system  of  Descriptive 
Geology,  in  which  all  this  evidence  was  neglected,  cannot  be  con- 
sidered otherwise  than  as  a  retrograde  step  in  science. 

Werner  maintained  the  aqueous  deposition  of  all  strata  above  the 
primitive  rocis ;  even  of  those  trap  rocks,  to  which,  from  their  resem- 
blance to  lava  and  other  phenomena,  Raspe,  Arduino,  and  others,  had 
already  assigned  a  volcanic  origin.  The  fierce  and  long  controversy 
between  tie  YulcaniHs  and  Neptunists,  which  this  dogma  excited,  does 
not  belong  to  this  part  of  our  history ;  but  the  discoveiy  of  veins  of 
granite  penetrating  the  superincumbent  slate,  to  which  the  controversy 
led,  was  an  important  event  in  descriptive  geology.    Hutton,  the 
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autlior  of  the  theory  of  igneous  causation  whicli  was  in  this  cmmti'y 
opposed  to  that  of  Werner,  sought  and  found  ttis  phenomenon  in  tie 
Grampian  hills,  in  1786.  This  sapposed  Teriflcation  of  his  system 
"filled  him  with  delight,  and  called  forth  such  maris  of  joy  and  exul- 
tation, that  the  g\iides  who  accompanied  him  were  persuaded,  says  his 
biographer,"  liat  he  must  have  discovered  a  vein  of  silver  or  gold."" 
's  examination  of  Aaveigne  (iVes)  showed  that  there  was 
e  of  a  country  which  could  not  eren  be  described  with- 
out terms  implying  that  the  basalt,  whieh  covered  so  large  a  portion 
of  it,  had  flowed  from  the  craters  of  extinct  volcanoes.  His  map  of 
Anvergne  was  an  excellent  example  of  a  survey  of  such  a  country,  thus 
exhibiting  features  qnite  different  ftom  those  of  common  stratified 
countries." 

The  facts  connected  with  metalliferous  veins  were  also  objects  of 
Werner's  attention.  A  knowledge  of  such  fects  is  valuable  to  the 
geologist  as  well  as  to  the  miner,  although  even  yet  much  difficulty 
attends  all  attempts  to  theorize  concerning  them.  The  fects  of  this 
nature  have  been  collected  in  great  abundance  in  all  mining  districts  ; 
and  form  a  prominent  part  of  the  descriptive  geology  of  such  districts ; 
as,  for  example,  the  Hartz,  and  Cornwall. 

Without  fiirther  pursuing  the  history  of  the  knowledge  of  the  inor- 
ganic phenomena  of  the  earth,  I  turn  to  a  still  richer  department  of 
geology,  which  is  concerned  with  organic  fossils. 

Sect.  3. — Application  of  Organic  Remains  an  a  Geological  Character. 

— Smith, 

RonnLLB  and  Odoardi  had  perceived,  as  we  have  seen,  that  fossils  were 
grouped  in  baads :  but  fi-om  this  general  observation  to  the  execution 
of  a  sui-vey  of  a  large  kingdom,  founded  upon  this  principle,  would 
have  been  a  vast  stride,  even  if  the  author  of  it  had  been  aware  of  the 
doctrines  thus  assorted  hy  these  writers.  In  feet,  however,  William 
Smith  executed  such  a  survey  of  England,  with  no  other  guide  or  help 
than  his  own  sagacity  and  perseveraiice.  In  his  employments  as  a 
civil  en^neer,  he  noticed  the  remarkable  continuity  and  constant  order 
of  the  strata  in  the  neighborhood  of  Bath,  as  discriminated  by  their 
fossils  ;  and  about  the  year  1Y03,  he"  drew  up  a  Tabular  Tiew  of  the 

"  Playfair'e  Works,  vol  iv.  p.  75.  "  lyell,  i.  90. 

"  Lyell,  i.  S6.  'S  Fittun,  p.  143. 
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strata  of  that  ilistin,t,  m  Indi  i  ontamc  1  th;,  5,<.  no  Ii  s  ub  s,  jucnt  di'< 
coveries.  Fmdiag  in  tlie  north  of  England  tho  same  strata  and 
associations  of  stiata  with  which  he  had  become  acquainted  in  tlic 
west,  he  was  led  to  name  tliem  and  to  ixpicacnt  them  by  mLini  <.f 
maps,  according  to  their  occimence  over  thi,  whole  fice  of  Eii^Janl 
These  maps  appeared"  in  1815  ;  and  i  work  hy  the  same  authoi 
entitled  The  English  Strata  identifibJ  by  Organic  Semams,  came  fo  tl 
later.  But  the  views  on  which  this  identification  ot  strata  rests,  helong 
to  a  considerably  earlier  date ;  and  had  not  only  been  acted  upon,  but 
freely  imparted  in  conversation  maay  years  before. 

In  the  meantime  the  study  of  fossils  was  pursued  with  zeal  in  vari- 
ous countries.  Lamarcfe  and  Defrance  employed  themselves  in 
determining  tlie  fossil  shells  of  the  neighborhood  of  Paris ;"  aiid  the 
interest  inspired  by  this  subject  was  strongly  nourished  and  stimulated 
by  the  memorable  wori:  of  Cuvier  and  Brongniart,  On  the  Envircms 
of  Paris,  published  in  1811,  and  by  Cuvjer'a  subsequent  researches  on 
the  subjects  thus  brought  under  notice.  For  now,  not  only  the  dis- 
tinction, succession,  and  arrangement,  but  many  other  relations  among 
fossil  strata,  irresistibly  arrested  the  attention  of  the  philosopher. 
Brongniart"  showed  that  voi-y  striking  reserablancos  occuiTed  in  their 
fossil  remmns,  between  certain  strata  of  Eui-opo  and  of  North  Ameri- 
ea ;  and  proved  that  a  roefe  may  be  so  much  disguised,  that  the  identity 
of  the  sti-atiMa  can  only  be  recognized  by  geological  characters.'" 

The  Italian  geologists  had  found  in  their  hills,  for  the  most  part, 
the  same  species  of  shells  which  existed  in  their  seas  ;  but  the  German 
and  English  writers,  as  Gesner,"  Easpe,"  and  Brauder,"  had  perceived 
that  the  fossil-shells  were  eitlrer  of  unknown  p  s,  of  u  h  a. 
lived  in  distant  latitudes.  To  decide  that  the  n  mal  a  1  plant  f 
which  we  find  the  remains  in  a  fossil  state,  w  f  p  e  we 
tinct,  obviously  required  an  exact  and  extensi  ki  1  ]g  t  n  tn  al 
history.  And  if  this  were  so,  to  assign  the  lat  n  f  th  [  ast  t 
the  existing  tribes  of  beings,  andthepoculiarit  f  th  vitalp 
and  habits,  were  t^ks  which  could  not  be  performed  without  the  mc«t 
e  physiological  skill  and  talent.  Such  tasks,  however,  have 
e  femiliar  employments  of  geologists,  and  naturalists  incited  and 


"  Erit.  Aasoo.  IS82.     Couyboaro,  p.  S78,       '"  HiimboWt,  Gin::,  d.  R.  \ 

'°  Hist.  Nat.  des  Criiataces  Possilea,  pp.  57,  62, 

'"  Humboldt,  CHss.  d.  R.  ]).  io. 

■"Lyell,i.YO.  "Ib-lJ.  "  lb.  78. 
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appealed  to  by  geologists,  ever  sinec  Cavicr  piiblislied  bis  examination 
of  the  fossil  inhaljitants  of  the  Paris  basin.  Without  attempting  a  histo- 
ry of  sncb  labors,  I  may  notice  a  few  circumstances  connected  with  then]. 

Sect.  i. — Advances  m  PalcBonfcHogy. — Cuvier. 

So  long  as  tlie  organic  fossils  which  were  found  in  the  strata  of  the 
earth  were  the  remains  of  marine  animals,  it  was  very  difficult  for 
geologists  to  be  assured  tiat  the  animals  were  such  as  did  not  exist  in 
any  part  or  clime  of  the  existing  ocean.  But  when  large  land  and 
river  animals  were  discovered,  different  from  any  knowa  species,  the 
persuasion  that  they  were  of  extinct  races  was  forced  upon  the  natu- 
ralist. Yet  this  opinion  was  not  talcen  up  slightly,  nor  acquiesced  in 
without  many  stni^les. 

Bones  supposed  to  belong  to  fossil  elephants,  were  some  of  the  first 
with  regard  to  which  this  conclusion  was  established.  Sucli  remains 
occur  in  vast  numbers  in  tbe  soil  and  gravel  of  almost  every  part  of 
the  world  ;  especially  in  Siberia,  where  they  are  called  the  bones  of 
the  mammoth.  They  had  been  noticed  by  the  ancients,  as  we  leam 
from  Pliay ;"  and  had  been  ascribed  to  human  giants,  to  elephants 
imported  by  the  Komans,  and  to  many  other  origins.  But  in  1796, 
Cuvier  had  ex3mine<l  these  opinions  with  a  more  profound  knowledge 
than  his  predecessors;  and  he  thus  stated  the  result  of  his  researches,'' 
"  With  regard  to  what  have  been  called  the  fossil  remains  of  elephants, 
&om  TentzeliuB  to  Pallas,  I  believe  that  I  am  in  the  condition  to 
prove,  that  they  belong  to  animals  which  were  very  clearly  different 
in  species  from  our  existing  elephants,  although  they  resembled  them 
sufficiently  to  be  considered  as  belonging  to  the  same  genera."  He  had 
founded  this  concluaon  principally  on  the  structure  of  the  teeth,  which 
he  found  to  differ  in  the  Asiatic  and  Aincan  elephant ;  while,  in  the 
fossil  animal,  it  was  different  from  both.  But  he  also  reasoned  in  part 
on  the  form  of  the  skull,  of  which  the  best-known  example  had  been 
described  in  the  Philosophieal  Transactions  as  early  as  1737."  "  As 
soon,"  says  Cuvier,  at  a  later  period,  "  as  I  became  ajjquainted  with 
Messerschmidt's  drawing,  and  joined  to  the  difference  which  it  pre- 
sented, those  which  I  had  myself  observed  in  the  inferior  jaw  and  thp 

^  Mat.  Jfat.  lib.  xxsvi.  18.  ''  Mem.  Bui.  Math,  ei  Fhys.  tnam.  ii,  p.  i. 

"  Described  by  Brejne  from  a,  specimen  found  in  Siberia,  by  Me&sei'schuudt 
in  1122.     Fhil.  Trans,  ri.  445. 
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molar  teeth,  I  no  longer  doubted  that  the  fossil  elephants  wore  of  si 
species  different  from  the  Indian  elephant.  This  idea,  which  I  an- 
nounced to  the  Institute  in  the  month  of  Januaiy,  1196,  opened  to  me 
idewa  entirely  new  respecting  the  tlieory  of  the  earth  ;  and  determined 
me  to  devote  myself  to  the  long  researches  and  to  the  aasidoous 
labors  which  have  now  occupied  me  for  twenty-five  years,"" 

We  have  here,  then,  the  starting-point  of  those  researches  concern- 
ing extinct  animals,  which,  ever  since  that  time,  have  atti'acted  so  large 
a  share  of  notice  from  geologists  and  from  the  world.  Ouvier  could 
hardly  have  anticipated  the  vast  storehouse  of  materials  which  lay 
under  his  feet,  ready  to  supply  him  occupation  of  the  most  intense 
interest  in  the  career  on  which  he  had  thus  entered.  The  examination 
of  the  strata  on  which  Paris  stands,  and  of  which  its  buildings  consist, 
supplied  hint  with  animals,  not  only  different  from  existing  ones,  but 
some  of  them  of  great  size  and  curious  peculiarities.  A  careful  exami- 
nation of  the  remains  which  these  sti'ata  contain  was  undertaken  soon 
after  the  period  we  have  i-eferred  to.  In  1302,  Defrance  had  collected 
several  hundreds  of  undescribed  species  of  shells ;  and  Lamarck'^  began 
a  series  of  Memoira  upon  them ;  remodelling  the  whole  of  Conchology, 
in  order  that  they  might  be  included  in  its  classiflcations.  And  two 
years  aftenvards  (1804)  appears  the  first  of  Cuvier's  grand  series  of 
Memoirs  containing  the  restoration  of  the  vertebrate  animals  of  these 
strata.  In  this  vast  natural  museum,  and  in  contributions  from  otter 
parts  of  the  globe,  he  discovered  the  most  extraordinary  creatures  : — 
the  Palieotherium,"'  which  is  intermediate  between  the  horse  and  the 
pig ;  the  Anoplotherium,  which  stands  nearest  to  the  rhinoceros  and 
the  tapir;  the  Megalonix  ani  Megither'um  an'malsof  the  sloth  tribe, 
but  of  the  size  of  tho  ox  and  the  rl  mo  e  o'  The  Wem  ts  which 
contained  these  and  many  other  dih  over  es,  set  the  at  dl  sts  to  work 
in  every  part  of  Europe. 

Another  very  curious  class  of  a  als  vi.  b  ought  t  light  princi- 
pally by  the  geologists  of  E  gland  a  mals  ot  wh  ch  the  bon  a,  foraid 
in  the  lias  stratum,  were  at  ii-st  suj^o  ed  to  be  those  of  crocodiles. 
But  in  1816,°°  Sir  Everard  Home  say^  I  t  th  o  a  on  leration 
of  this  skeleton,  we  cannot  b  t  b  chned  to  bel  eve  that  among  the 
animals  destroyed  by  the  cat^stroph      of  te  int  [    t     tl  ere  had 


"  Oaiemem Fossiles,  second  edit,  i,  lis. 

'^  Annales  (ft*  M«sium  d'Hist.  Nat.  torn,  i,  p.  308,  and  the  following  Yolumes. 

"  Daubnisaon,  ii.  411,  '°  Phil.  Trans.  1816,  p.  20. 
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been  somo  at  least  that  differ  so  entirely  in  tieir  stractuit  from  any 
which  now  exist  as  to  ntfuke  it  irapoesible  to  arrange  their  fossil  remains 
with  any  known  class  of  animals."  The  animal  thus  referred  to,  being 
clearly  intermediate  between  fishes  and  lizards,  was  named  by  Mr. 
Konig,  Ichthyosaurus ;  and  its  structure  and  constitution  were  more 
precisely  determined  by  Mr.  Conybeare  in  1821,  when  he  had  occasion 
to  compare  with  it  another  extinct  animal  of  which  he  and  Mr,  de  la 
Beche  had  collected  the  remains.  This  animal,  still  more  nearly  ap- 
proaching the  lizard  tribe,  was  by  Mr.  Conybeare  called  PlesiosaurusJ" 
Of  each  of  these  two  genera  several  species  were  afterwards  found. 

Before  this  time,  the  differences  of  the  races  of  animals  and  plants 
/belonging  to  tte  past  and  the  present  periods  of  the  earth's  history,  had 
become  a  leading  subject  of  specnlation  among  geological  naturalists. 
The  science  produced  by  this  study  of  the  natural  history  of  foi-mer 
states  of  the  earth  has  been  termed  Palceontologyy  axid  there  is  no 
branch  of  haman  knowledge  more  fitted  to  stir  men's  wonder,  or  to 
CKcite  them  to  the  widest  physiological  specalations.  But  in  the 
present  part  of  our  history  this  science  requii'es  our  notice,  only  so  far 
as  it  aims  at  the  restoration  of  the  types  of  ancient  animals,  on  clear 
and  imdonbted  principles  of  comparative  anatomy.  To  show  how 
extensive  and  how  conclusive  is  the  science  when  thus  directed,  we 
need  only  refer  to  Cuvier's  Osmmens  Missiles  ;"  a  work  of  vast  labor 
and  profound  knowledge,  which  has  opened  wide  the  doors  of  this  part 
of  geology,  I  do  not  here  attempt  even  to  mention  the  labors  of  the 
many  other  eminent  contributors  to  Paleontology ;  as  Brocchi,  Des 
Hayes,  Sowerhy,  Goldfuas,  Agassiz,  who  have  employed  themselves  on 
animals,  and  Schlottheim,  Brongniart,  Hutton,  Lindley,  on  plants. 

[2nd  Ed.]  [Among  the  many  valuable  contributions  to  Paleeonto- 
logy  in  more  recent  times,  I  may  especially  mention  Mr.  Owen's  H^Kirts 
on  British  Fossil  Beptiles,  on,  British  Fossil  Mammalia,  and  on  the 
^nHmt  Animals  of  Australia,  with  descriptions  of  certain  Fossils  indi- 
cative of  lai^  Maraupial  Pachydermata :  and  M.  Agassiz's  Eepoi-t  on 
the  Fossil  Fishes  of  tJie  Devonian  System,  his  Synoptical  Table  of 
British  Fossil  Fishes,  and  his  Meport  on  the  Fishes  of  the  London  Clay. 
All  these  are  contained  in  the  voiames  produced  by  the  British  Asso- 
ciation from  1839  to  1845. 


"  Gcol.  Trans.  toL  v. 

™  The  first  edition  appeared  in  1S12,  conaistiug  pi-iuclpally  of  the  lleraoir^ 
to  whloh  ceferenoe  has  already  been  made. 
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A  new  and  most  important  instriunent  of  palteontological  investiga- 
tion Las  been  put  in  the  geologist's  hand  by  Prof.  Owen's  discovery, 
that  the  intenial  structure  of  teeth,  as  d  selosed  bj  the  osoope  s  a 
means  of  detennining  the  kind  of  the  an  ma!  He  has  can  ed  nto 
every  part  of  the  animal  kingdom  an  e  am  at  o  to  niled  pon  th  a 
discovery,  and  has  published  the  results  of  th  a  n  1  is  OJontog  a^Jij 
As  an  example  of  the  application  of  th  cha  i  ter  of  an  mal  I  ma) 
mention  that  a  tooth  brought  fi'om  K  ga  by  &  i  P  M  rch  son  wk 
this  way  ascertained  by  Mr.  Owen  to  belo  „  to  a  fish  oi  th  ge 
Dendrod-us.     {Geology  of  Bussia,  i.  67  }] 

When,  it  hadthns  been  established  tl  at  the  st  ita  of  the  c  rth  a 
characterized  by  innmnerable  remains  of  the  or^an  zed  be  ngs  wh  ch 
formerly  inhabited  it,  and  that  anatom  cal  an  1  ph  olog  cal  ons  1  n 
tions  must  be  oarefidly  and  skilfully  pi  1  ed  or  le  gl  tly  to  nte 
pret  these  chaTactei"s,  the  geologist  an  1  the  pales  ntolog  t  ob  ouslj 
had,  bronght  before  them,  many  very  v  dc  ai  d  st  king  q  t  on  Oi 
these  we  may  give  some  instances ;  but,  n  tl  e  fiist  pHce  e  n  j  ad  1 
!i  few  words  concerning  those  emment  jhlosopherij  to  h  m  the 
science  owed  the  basis  on  which  succeel  g  spe  Hto  s  nc  e  to  ie 
built. 


Sect,  a. — Intellectual  Characters  of  the  Founders  of  Systematic 
Descriptive  Geology. 

It  would  be  in  accordance  with  the  course  we  have  pursued  in  treating 
of  other  subjects,  that  we  should  attempt  to  point  out  in  the  founders 
of  the  science  now  under  consideration,  those  intellectual  qualities  and 
habits  to  which  we  scribe  their  success.  The  very  recent  date  of  the 
generalizations  of  geology,  which  has  hardly  allowed  us  time  to  distin- 
guish the  calm  expression  of  the  opinion  of  the  wisest  judge?,  might, 
in  this  instance,  relieve  ns  from  anch  a  duty;  but  since  our  plan 
appears  to  suggest  it,  we  will,  at  least,  endeavor  to  mark  the  characters 
of  the  founders  of  geology,  by  a  few  of  their  prominent  lines. 

The  three  persons  who  must  be  looked  upon  as  the  main  authors 
of  geological  claasiiication  are,  Werner,.  Smith,  and  Cuvier.  These 
three  men  were  of  very  different  mental  constitution;  and  it  will, 
perhaps,  not  he  difficult  to  compare  them,  in  reference  to  those  qua- 
lities which  we  have  all  along  represented  as  the  main  featm-es  of  the 
iliscoverer's  genins,  clearness  of  ideM,  the  possession  of  i 
iin'ts.  and  the  power  of  bringing  these  two  elements  into  contact. 
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111  the  Gei-man,  considering  him  as  a  geologist,  the  ideal  olemcut 
predominated.  That  Werner's  powers  of  external  diaci'imination 
were  extremely  acute,  we  have  seen  in  speaking  of  him  as  a  mineralo- 
gist ;  and  his  talent  and  tendency  for  classifymg  were,  in  Ms  mine- 
ralogical  studies,  fully  fed  by  an  abundant  store  of  observation ;  but 
when  he  came  to  apply  tliis  methodizing  power  to  geology,  the  love 
of  system,  so  fostered,  appears  to  have  been  too  strong  for  the  collec- 
tion of  facts  he  had  to  deal  with.  As  we  liave  already  said,  he  pro- 
mulgated, as  reprwenting  the  world,  a  scheme  collected  from  a 
province,  and  even  too  hastily  gathered  from  that  narrow  field.  Tct 
his  intense  spirit  of  method  in  some  measure  compensated  for  other 
deficiencies,  and  enabled  him  to  give  the  character  of  a  scionco  to 
what  had  been  before  a  collection  of  miscellaneous  phenomena.  The 
ardor  of  systom-mating  produced  a  sort  of  fusion,  which,  however 
supei-ficial,  served  to  bind  together  the  mass  of  incoherent  and  mixed 
materials,  and  thus  to  form,  though  by  strange  and  anomalous  means, 
a  structure  of  no  small  strength  and  durability,  like  the  ancient  vitri- 
fied structures  which  we  find  in  some  of  our  mountain  regions. 

Of  a  very  different  tamper  and  character  was  "William  Smith.  No 
literary  cultivation  of  his  youth  awote  in  him  the  speculative  love  of 
symmetry  and  system  ;  but  a  singular  clearness  and  precision  of  the 
classifying  power,  which  he  possessed  as  a  native  talent,  was  exercised 
and ,  devdoped  by  exactly  those  geological  facts  among  which  his 
philosophical  task  lay.  Some  of  the  advances  which  he  made,  had, 
as  we  have  seen,  been  at  least  entered  upon  hy  others  who  preceded 
him :  but  of  all  this  he  was  ignorant ;  and,  perhaps,  went  on  more 
steadily  and  eagerly  to  work  out  his  own  ideas,  from  the  persuasion 
that  they  were  entirely  his  own.  At  a  later  period  of  his  life,  he  him- 
self published  an  account  of  the  views  which  had  animated  him  in  his 
earlier  progi'ess.  In  this  account"  he  dates  h  s  attemjt  t  discrimi- 
nate and  connect  sti-ata  from  the  yeai-  1T90  at  h  h  t  me  he  was 
twenty  years  old.  Li  1792,  he  "hadconsd  ed  how  1  onld  best 
represent  the  order  of  superpMitioii — co  t  n  ty  of  c  rse—and 
general  eastern  declination  of  the  strata."  bo  ft  d  bts  which 
had  arisen  were  removed  by  the  "  discoverj  of  i  n  >de  f  dentifying 
the  strata  by  the  organized  fossils  respectively  imbedded  tlierein." 
And  "  thus  stored  with  ideas,"  aa  he  expri^es  himself,  he  began  to 
communicate  them  to  his  friends.     In  all  this,  we  see  gTHat  vividness 

='  Phil  Mag.  18S3,  vol.  L  p.  SS. 
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of  tkoaglit  and  activity  of  mind,  iinf  il  \m^  itself  exactly  in  proportion 
to  the  fects  with  i^hich  it  had  to  deal  "We  ai-e  reminded  of  tliat 
Cyclopean  architectuie  m  which  each  stone,  as  it  occurs,  is,  with 
wonderfQl  ingeunitj,  and  with  the  Icait  possible  alteration  of  its  fonii, 
shaped  so  as  to  fit  its  pliKO  m  a  solid  ind  lasting  edifice. 

Difierent  yet  again  ms  the  chaiictei  (ai*  a  geological  disoovorer) 
of  the  great  naturalist  of  the  begiimiiig  ot  the  nineteenth  centuiy.  In 
that  part  of  his  labors  of  which  ive  ha^e  now  t«  speafe,  Cnvier's 
dominant  ideas  werp  lather  physiological  than  geological.  In  his 
views  of  past  physical  changes,  he  did  not  seek  to  include  any  ranges 
of  facts  which  lay  mucli  beyond  the  nan'ow  field  of  tlie  Paris  basin. 
But  his  sagacity  in  applymj,  h  wn  at  i  n  fl  fth  P  dition? 
of  Existence,  gave  h  n  a  t       la    an  I     npa  all  1  d  p  inter- 

preting the  most  imp    f    t  f  =s  1  I      f      t     t       t    ny      In  the 

constitution  of  his  m  1  all  pi  1  ph  1  1  n  t  ere  w 
admirably  develop  1  nd  1  pi  n  d  tliat  t  w  1  £B  It  to  sav, 
whether  more  of  hia  p  was  du   t    g  n  t       It         The 

talent  of  classifying  wh   h  h  ^       fa    '  a   H         iilt  of 

the  most  complete  3ai  1  dg  and  til!  n  1  gy  wh  1  h  views 
concerning  the  revolut  ns  h  1  had  tak  n  pla  n  th  ga  ic  and 
inoirganic  world,  we  n  no  mall  d  or  detl  1  y  it  t  a  dinarj' 
command  of  histor  al  nd  th  1  te  tu  H  g  1  ^  1  is  had 
been  formed,  his  facta  h  d  b    n    t   1    1  ly  ti  ta        f  ill  the 

sciences  which  coul  1  b    nal   t     b       upon  th  I     hsg    logical 

labors  we  seem  to  s  n  b  a  tif  1 1  npl  n  t  ly  firm  an  1  feu-  in 
itself,  but  decorated      tl         Iptu         d  j    nt  nd  n  h  n  all  that 

art  and  labor,  mem    y    nd  mag  nat  an  co  t  b  te  t     ts  beauty. 

[2iid  Ed.]  [Sir  Oha  1     L    11  (B  )  h-s  q    ted  w  th  aj  proval 

what  I  have  elsewh  a  d  tl  t  th  ad  an  n  nt  f  th  of  the 
mmn  divisions  of  geology  in  the  beginning  of  the  present  century  was 
promoted  principally  by  the  thi-ee  great  nations  of  Europe,— the  Gor- 
man, the  English,  and  the  French  : — Mineralogical  Geology  by  the 
German  school  of  Werner : — Secondary  Geology  by  Smith  and  his 
English  sncce^ors; — Tertiary  Geology  by  Cuvier  and  his  fellow-la- 
borers in  Fi'ance.] 
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Sequel  to  the  Formation  or  Stbtematic  Desobii'tive  GEOLoer. 

Sect.  1. — Reception  and  Diffusion  of  Systematic  &eology. 

IF  our  nearness  to  the  time  of  tlie  discoveries  to  which,  we  have  just 
refeiTed,  embarraBses  us  in  spealdng  of  thek  aiithora,  it  makes  it 
still  more  difBcult  to  narrate  the  reception  with  which  these  discove- 
ries met.  Yet  here  we  may  notice  a  few  facts  which  may  not  be 
without  then'  interest. 

The  impression  which  "Werner  made  iipon  his  heai-ers  was  very 
strong ;  and,  as  we  have  already  said,  disciples  were  gathered  to  his 
school  from  every  country,  and  then  went  forward  into  all  parts  of  the 
world,  animated  by  ttc  views  which  they  had  caught  from  him.  We 
may  say  of  him,  as  Las  been  so  wisely  said  of  a  philosopher  of  a  very 
different  kind,'  "  He  owed  his  influence  to  various  causes ;  at  the  head 
of  whioh  may  be  placed  that  genius  for  system,  which,  though  it 
ci-amps  the  growth  of  knowledge,  perhaps  finally  atones  for  that  mis- 
chief by  the  zeal  and  activity  which  it  rouses  among  followers  and 
opponents,  who  discover  truth  by  accident,  when  in  pursuit  of  weapons 
for  their  warfai'e,"  The  list  of  Werner's  pupils  for  a  considerable 
period  included  most  of  the  principal  geologists  of  Europe  ;  Freisleben, 
Molis,  Esmarfe,  d'Andrada,  Kanmer,  Engelhart,  Charpentier,  Brocchi. 
Alexander  von  Humboldt  and  Leopold  von  Buch  went  forth  from  his 
school  to  observe  America  and  Siberia,  the  Isles  of  the  Atlantic,  and 
the  coast  of  Noiway.  Professor  Jameson  established  at  Edinburgh  a 
Wemerian  Society  ;  and  his  lecture-room  became  a  second  centre  of 
Wernerian  doctrines,  whence  proceeded  many  zealous  geological  ob- 
servers ;  among  these  we  may  mention  as  one  of  the  most  distinguish- 
ed, M.  Ami  Bou4,  though,  like  several  othera,  he  soon  cast  away  the 
peeuliai'  opinions  of  the  Wernerian  school.  The  classifications  of 
this  school  were,  however,  diffused  over  tlie  civilized  world  wit' i  ex- 

'  Mackintosh  on  Hollies,  Disserf^  p.  117. 
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traordiuary  succea ;  aud  ivere  looted  upon  ivith  great  respect,  till  tlie 
study  of  oiganic  fossils  threw  item  into  the  shade. 

Smith,  on  tie  other  hand,  long  pursued  his  own  thoughts  without 
aid  and  without  sympathy.  About  1799  he  became  acquainted  with 
a  few  gentlemen  (Dr.  Anderson,  Mr.  Eichardsou,  Mr,  Townsend,  and 
Mr.  Daviea),  who  had  already  giyen  some  attention  to  organic  fossils, 
and  who  were  astonished  to  find  his  knowledge  so  much  more  exact 
and  estenslve  than  their  own.  From  tMs  time  he  conceived  tlic  inten- 
tion of  publishing  his  discoveries ;  but  the  want  of  literary  leisure  and 
habits  long  prevented  him.  His  knowledge  was  orally  communicated 
without  reserve  to  many  persons  ;  and  thus  gi-adaally  and  insensibly 
became  part  of  tie  public  stock.  When,  ttis  diffusion  of  his  views 
had  gone  on  for  some  time,  his  friends  began  to  complain  that  the 
author  of  them  was  deprived  of  his  well-merited  share  of  fame.  His 
delay  in  publication  made  it  difficnlt  to  remedy  this  wrong ;  for  soon 
after  he  published  bis  Geological  Map  of  England,  another  appeared, 
founded  upon  separate  observations ;  and  though,  perhaps,  not  quite 
independent  of  his,  yet  in  many  respects  much  more  detailed  and  cor- 
rect. Thus,  though  his  general  ideas  obtained  universal  currency,  he 
did  not  assume  bis  dne  prominence  as  a  geologist  In  1818,  a  gene- 
rous attempt  was  made  to  direct  a  proper  degree  of  public  gratitude 
to  bim,  in  an  article  in  the  £!dinbv,rgh  Review,  flie  production  of  Dr. 
Fitton,  a  distinguish ed  English  geologist.  And  when  the  eminent 
philosopher,  Wollaston,  liad  bequeathed  to  the  Geological  Society  of 
London  a  fund  fi'om  which  a  gold  medal  was  to  he  awarded  to  geo- 
logical services,  tJie  first  of  such  medals  was,  in  18S1,  "given  to  Mr. 
William  Smith,  in  consideration  of  his  being  a  great  original  disco- 
verer iu  English  geology ;  and  specially  for  his  having  been  the  first 
in  this  conntry  to  discover  and  to  teach  the  identification  of  strata, 
and  to  determine  their  succession  by  means  of  their  imbedded  fossHs." 

Ouvier's  discoveries,  on  the  other  hand,  both  from  the  high  pbilo- 
Sophie  feme  of  their  author,  and  from  tlieir  intrinsic  importance, 
arrested  at  once  the  attention  of  scientific  Europe ;  and,  notwithstand- 
ing the  undoubted  priority  of  Smith's  labore,  for  a  long  time  were 
looked  upon  as  the  starting-point  of  our  knowledge  of  organic  fossils. 
And,  ill  reality,  although  Cuvier's  memoirs  derived  the  greatest  part 
of  their  value  from  his  zoological  conclusions,  they  rofiected  back  no 
small  portion  of  interest  on  the  classifications  of  sti'sta  which  were 
involved  in  his  inferences.  And  tJie  views  which  he  presented  gave  to 
geology  an  attractive  and  sti'iking  character,  and  a  connexion  with 
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s  well  as  pkysical  principliis,  wLicli  adclad  incoiii- 
parably  to  its  dignity  and  cliaim. 

In  tracing  the  reception  and  diffusion  of  doctrines  sucli  as  those  of 
Smith  and  Ctivier)  we  onglit  not  to  omit  to  notice  more  especially  the 
formation  and  liistory  of  the  Geological  Society  of  London,  jnst  men- 
tioned. It  was  established  in  1807,  with  a  view  to  multiply  and 
record  observations,  and  patiently  to  await  the  result  of  some  future 
period  ;  that  is,  its  foundera  resolved  to  apply  tbemselves  to  Descrip- 
tive Geology,  thinkiDg  the  time  not  come  for  that  theoretical  geology 
which  had  then,  long  fired  the  controveraial  ardor  of  Neptimists  and 
Plutonists.  The  firet  volume  of  tho  Transactions  of  this  society  was 
published  in  1811.  The  greater  part  of  the  contents  of  this  volume  ' 
savor  of  the  notions  of  the  Wernerlan  school ;  and  there  are  papers 
on  some  of  the  districts  in  England'  most  rich  in  fossils,  which  Mr. 
Gonybeaie  says,  well  exhibit  the  low  state  of  secondary  geology  at 
that  period.  But  a  paper  by  Mr.  Parkinson  refers  to  the  discoveries 
both  of  Smith  and  of  Cuvier  ;  and  in  the  next  volume,  Mr.  Webster 
gives  an  account  of  the  Isle  of  Wight,  following  the  admirable  model 
of  Cuvier  and  Brongniart's  account  of  the  Paris  basin.  "  If  we  com- 
pare this  memoir  of  Mr.  Webster  with  the  preceding  one  of  Dr. 
Berger  (also  of  the  Isle  of  Wight),  they  at  once  show  themselves  to 
belong  to  two  very  distinct  eras  of  science  ;  and  it  is  diffioult  to 
believe  that  the  interval  which  elapsed  between  their  respective  publi- 
cation was  only  three  or  four  years.'" 

Among  the  events  belong-ing  to  the  diffusion  of  sound  geological 
views  in  tliis  country,  we  may  notice  the  publication  of  a  little  volume 
entitled,  The  Geology  of  EngVmd  and  Wales,  by  Mr.  Gonybeare  and 
Mr.  Phillips,  in  1821;  aa  event  far  more  important  than,  from  the 
modest  form  and  character  of  the  worli,  it  might  at  first  sight  appear. 
By  describing  in  detail  the  geological  strnctnre  and  circnmstancea  of 
England  (at  least  as  far  downwards  as  the  coal),  it  enabled  a  verj' 
wide  class  of  i-eaiJers  to  uadei-stand  and  verify  tho  classifications  which 
geology  had  then  very  recently  established ;  while  the  extensive  know- 
ledge and  philosopbical  spirit  of  Mr.  Conybeare  rendered  it,  under  tbe 
guise  of  !i  topographical  enumeration,  in  reality  a  profound  and  in- 
structive scientific  treatise.  Tlie  vast  impnlsewhioh  it  gave  to  the 
study  of  sound  descriptive  geology  was  felt  and  acknowledged  in  other 
countries,  as  well  as  in  Britain. 

'  Couylicnre,  Jlsport.  BHf.  Assoc,  p.  S12.         '  Conybeare,  Report,  p.  ZI'L 
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Since  thiit  period,  Descriptive  Geology  in  England  has  constantly 
advanced.  The  advance  has  been  due  mainly  to  the  labors  of  the 
members  of  the  Geological  Society ;  on  whose  merits  as  cultivators  of 
their  science,  none  but  those  who  are  themselves  masters  of  the  sub- 
ject, have  a  right  to  dwell.  Tet  some  parts  of  the  scientific  character 
of  those  men  may  be  appreciated  by  the  general  speculator  ;  for  they 
have  shown  that  there  are  do  talents  and  no  endowments  which  may 
aot  find  their  fitting  employment  in  this  science.  Besides  that  they 
have  nnited  laborioiB  research  and  comprehens  e  ewB,  acnteness 
and  learning,  zeal  and  knowledge ;  the  philoaoph  oal  eloquence  with 
which  they  have  condncted  their  discussions  h  hid  a  mo  t  h  nefi  al 
influence  on  the  tone  of  their  speculations ;  a  1  the  r  rese  r  hes 
the  field,  which  have  carried  them  into  every  countrf  an  I  ve  y  lass 
of  society,  have  given  them  that  prompt  an  I  1  be  al  sj  t,  sud  that 
open  and  cordial  bearing,  which  resnlts  fro  n  nterco  r  e  w  th  the 
world  on  a  lai^e  and  unfettered  scale.  It  js  not  too  n  ch  to  say 
that  in  our  time,  Practical  Geology  has  been  one  f  tl  e  be  t  s  1  ool 
of  philosophical  and  general  culture  of  mind. 

Sect.  2, — AppUcaiioii  of  Systematic   Geologj       C     I  /     I    S  r    j 


SncH  surveys  as  that  which  Conybeare  and  Ph  11  p  book  p  e  t 
ed  with  respect  to  England,  were  not  only  a  means  of  d  ssem  nat  ng 
the  knowledge  implied  in  the  classifications  of  sucl  a  work  b  t  thev 
were  also  an  essential  part  of  the  Application  and  Este  s  on  of  the 
principles  estabhshed  by  the  founders  of  Systematic  Geology.  As 
soon  as  the  truth  of  such  a  system  was  generally  acknowledged,  the 
persuasion  of  the  propriety  of  geological  surveys  and  maps  of  each 
country  could  not  but  impress  itself  on  men's  minds. 

When  tlie  eai'lier  writers,  as  Lister  and  Fontenelle,  spoke  ofmine- 
ralogical  and  fossilological  maps,  they  conld  hardly  be  said  to  know 
the  meaning  of  the  terms  which  they  thus  used.  But  when  subse- 
quent cla^fications  had  shown  how  such  a  suggestion  might  be  car- 
ried into  efiect,  and  to  what  important  consequences  it  might  lead, 
the  task  was  undertaken  in  various  countries  in  a  vigoi'ous  and  con- 
sistent manner.  In  England,  besides  Smith's  map,  another,  drawn  up 
by  Mr.  Greenough,  ivas  published  by  the  Geological  Society  in  1819  ; 
and,  being  founded  on  very  numerous  observations  of  tlie  author  and 
his  friends,  made  with  great  labor  and  cost,  was  not  only  an  important 
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correction  and  confirmation  of  Simth's  labors,  but  a  valiuible  store- 
house and  standard  of  what  had  then  beea  done  in  English  geology, 
Leopold  von  Bnch  had  constructed  a  geological  map  ot  i  l^rge  por 
tion  of  Germany,  about  the  same  period;  but,  aware  of  tlie  difficuhy 
of  the  task  he  had  thus  attempted,  he  still  forbore  to  pubh=li  it  At 
a  later  period,  and  as  materials  accumulated,  more  detailed  maps  of 
parts  of  Germany  were  produced  by  Hoffmann  and  otters  The 
Fi'ench  government  entrusted  to  a  distinguislied  Ijotcsaci  of  the 
School  of  Mines  (M.  Broohant  ds  Villiers),  the  task  of  ccn  truitmg  a 
map  of  France  on  the  model  of  Mr.  Greenough's ;  issoci'itmg  with 
hini  two  younger  persons,  selected  for  their  energy  and  tiJente  MM 
Beaumont  and  Dufrenoy.  We  shall  have  occasion  heitaftei  to  apeak 
of  the  execution  of  this  snrvey.  By  variona  persons,  gfological  maps 
of  almost  every  cotintry  and  province  of  Europe,  and  of  maJij  parts  ot 
Asia  and  America,  have  been  published.  I  need  not  enumerate  these, 
but  I  may  refer  to  the  account  given  of  them  by  Mr.  Conybeare,  ia 
the  Be^orU  of  the  British  Association  for  1832,  p.  384.  liiese  vari- 
ous essays  may  be  considered  as  contributions,  though  hitherto  un- 
doubtedly very  imperfect  ones,  to  that  at  which  Descriptive  Geology 
ought  to  aim,  and  which  is  requisite  as  a  foundation  for  sound  the- 
ory;— a  complete  geological  survey  of  the  whole  earth.  But  we 
must  say  a  few  words  respecting  the  language  in  which  such  a  snrvey 
must  be  written. 

As  we  have  dready  said,  that  condition  which  made  such  maps  and 
the  accompanying  descriptions  possible,  was  that  the  strata  and  their 
contents  had  previously  undergone  classification  and  aiTangement  at 
the  hands  of  the  lathers  of  geology.  Classification,  in  this  as  ia  other 
cases,  imphed  names  which  should  give  to  the  elates  distinctness  and 
permanence ;  and  when  the  series  of  strata  belonging  to  one  country 
were  referred  to  in  the  description  of  another,  in  which  they  appeared, 
as  was  usually  the  case,  nnder  an  aspect  at  least  somewhat  diff'erent, 
the  supposed  identification  required  a  peculiar  study  of  each  case ;  and 
thus  Geology  had  arrived  at  the  point,  which  we  have  before  had  to 
notice  as  one  of  tie  stages  of  the  progress  of  Classificatory  Botany, 
at  which  a  technical  nomenelature  and  a  well-understood  synonymy 
were  essential  parts  of  the  science. 

Sect.  3. — Geological  Nomenclature. 
Bt  Nomenclature  we  mean  a  system  of  names ;  and  hence  we  can- 
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not  speak  of  a  Geological  Nomenclature  till  we  come  to  '\\' oiul'!' 
and  Smith.  Tiio  eai-lier  mineralogists  had  employed  names,  often  arti- 
ficial and  arbitrary,  for  special  minerals,  hut  no  teclinical  and  constant 
names  for  strata,  ^e  elements  of  Werner's  names  for  the  membere 
of  hia  geological  series  were  words  in  use  among  miners,  as  Gneiss, 
Grawwacke,  Thonscldefei;  Bothe  todte  liegende,  Zeehstein  ;  or  arbitrary 
names  of  the  mineralogists,  as  Syenite,  Serpentine,  Porphyry,  Granite. 
Bnt  the  more  technical  piut  of  hia  phraseology  was  taken  from  that 
which  is  tlie  worst  tind  of  name,  arbitrary  numeration.  Thus  he  had 
Wfi  first  sandstone  formation,  second  sandstone,  third  sandstone  ;  first 
flatz  limestone,  secmid  flota  limestone,  (Airr?  flotz  limestone.  Such 
names  are,  beyond  all  others,  liable  to  mistate  in  their  applicatior^  and 
likely  to  bo  expelled  by  the  progress  of  knowledge ;  and  accordingly, 
though  the  Wernerian  names  for  rooks  mineralogically  diatingnished, 
have  still  some  currency,  his  sandstones  and  limestones,  after  ci'eating 
endless  confusion  while  his  authority  had  any  sway,  have  utterly  disap- 
peared from  good  geological  worfe^ 

The  noraonclatare  of  Smith  i\ia  founded  upon  English  prorineiai 
terms  of  very  barbarous  aspect^  as  Coimhash,  Lias,  Gault,  CluneJi 
Glay,  CoTol  Rag.  Yet  these  terms  were,  widely  diffused  when  his 
classification  was  generally  accepted ;  they  kept  their  place,  precisely 
because  they  had  no  systematic  signification ;  and  many  of  them  are 
at  present  part  of  the  geological  language  of  the  whole  civilized  world. 

Another  kind  of  names  which  has  been  very  prevalent  among  geolo- 
gists are  those  borrowed  from  places.  Thus  the  "Wernerians  spoke  of 
Alpine  Limestone  and  Jura  Limestone  ;  the  Enghsh,  of  Kimmcridgt- 
Clay  and  Oxford  Clay,  Purbeck  Marble,  and  Portland  Eock.  Those 
names,  referring  to  the  stratum  of  a  known  locality  as  a  type,  wore 
good,  as  far  as  an  identity  witli  that  type  had  been  traced ;  bnt  when 
this  had  bejsn  incompletely  done,  they  were  liable  to  groat  ambiguity. 
If  the  Alps  or  the  Jura  contain  several  formations  of  limestone,  such 
terms  ss  we  have  noticed,  borrowed  fi'om  those  mountains,  cease  to  be 
nece^arily  definite,  and  may  give  rise  to  much  confusion. 

Descriptive  names,  although  they  might  be  supposed  to  be  the  best, 
have,  in  feet,  rarely  been  fortunate.  The  reason  of  this  is  obvious  ;— 
the  mark  which  has  been  selected  for  description  may  eisily  fail  to  be 
essential ;  and  the  obvious  connexioiB  of  natural  fads  may  overleap 
the  arbitrary  definition.  As  we  have  already  stote<l  in  the  history  of 
botany,  the  establishment  of  descriptive  marks  of  real  classes  presup- 
poses the  important  but  difficult  step,  of  the  discovery  of  such  marks. 
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Hence  those  descriptive  names  only  have  been  really  useful  in  geology 
which  had  been  iiBed  without  any  scrupulous  regard  to  the  appropri- 
ateness of  the  description.  The  Green  Sand  may  be  white,  brown,  or 
red  ;  the  Mountain  Limestone  may  occur  only  in  valleys  ;  tho  Oolite 
may  have  no  roe-like  stractnre-  and  yet  these  may  be  excellent  goo- 
logical  names,  if  they  be  apjhed  to  formations  geol(^caIly  identical 
with  those  which  the  phrases  originally  doa  ^-nated  The  signiflcation 
may  assist  the  memory,  but  must  nrt  >e  allowcl  to  eubjugate  the 
faculty  of  natural  clasaiflcatioa 

The  terras  which  have  bci,n  f  nned  ly  ^eokgiits  in  recent  times 
have  been  drawn  from  sonices  similai  to  tliose  oi  the  older  ones,  and 
will  have  their  fortune  determined  by  the  same  conditions.  Thus  Mr. 
Lyell  has  given  to  the  divisions  of  the  tertiary  strata  the  appellations 
Pleiocene,  Meioeene,  Hoeen^  accordingly  as  they  contain  a  majority  of 
recent  species  of  shells,  a  mimmty  of  such  species,  or  a  small  propor- 
tion of  living  species,  which  may  be  looked  upon  as  indicating  tlie 
dawn  of  tho  existing  state  of  the  animate  creation.  But  in  this  case, 
he  wisely  treats  his  distinctions,  not  as  definitions,  but  as  tho  marks  of 
natural  groups.  "  The  pkrality  of  species  indicated  by  the  name  pleio- 
cene,  must  nol,"  he  says,'  "  be  understood  to  imply  an  absolute  majority 
of  recent  fossil  shells  in  all  cases,  but  a  comparative  prepoEderance 
wherever  the  pleiocene  are  contrasted  with  strata  of  the  period  imme- 


Mr.  Lyell  might  have  added,  that  no  precise  percentage  of  recent 
species,  nor  any  numerical  criterion  whatever,  can  be  allowed  to  over- 
bear tho  closer  natural  relations  of  strata,  proved  by  evidence  of  a 
superior  kind,  if  such  can  be  found.  And  this  would  be  the  proper 
answer  to  the  objection  made  by  De  la  Beche  to  these  names ;  namelv, 
that  it  may  happen  that  tho  mdocene  rocks  of  one  country  may  be  of 
the  same  date  as  ihe pleiocene  of  another;  the  same  formation  having 
in  one  place  a  majority,  in  another  a  minority,  of  existing  species. 
We  are  not  to  run  into  this  incongruity,  for  we  are  not  so  to  apply  the 
names.  The  formation  which  has  been  called  pleiocene,  must  continue 
to  be  so  called,  even  where  the  majority  of  recent  species  fails ;  and  all 
rocks  that  agree  with  tliat  in  date,  without  further  reference  to  the 
numerical  relations  of  their  fossils,  must  also  share  in  the  name. 

To  invent  good  names  for  these  large  divisions  of  the  series  of  strata 
is  indeed  extremely  difficult.    Tho  term  Oolite  is  an  instance  in  which 
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a  descriptive  word  has  become  permanent  in  a  case  of  this  kind ;  ant!, 
in  imitation  of  it,  Pxdliie  (from  irowiXoe,  vai'ious,  (has  been  proposed 
by  Mr,  Conytieare'  as  a  Bame  for  tlie  group  of  strata  inferior  to  the 
oolites,  of  which  the  Variegated  Sandstone  (Bnnter  Sandstein,  Gr^s 
Bigarre,)  isa  coDspicuons  member.  For  the  series  of  formations  which 
lies  immediately  over  the  rocts  in  wHch  no  organic  remains  are  found, 
the  term  Tramitmi  was  long  naed,  but  with  extreme  ambiguity  and 
vagueness.  When  this  series,  or  rather  the  upper  part  of  it,  was  well 
examined  in  South  "Wales,  where  it  consists  of  mauy  well-maried 
members,  and  may  be  probably  taken  as  a  type  for  a  large  portion  of 
the  rest  of  the  world,  it  became  necessary  to  give  to  the  group  thus 
explored  a  name  not  necessarily  leading  to  assumption  or  controveisy. 
Mr.  Murchison  selected  the  t^rm  Silurian,  borrowed  from  the  former 
inhabitants  of  the  countiy  in  which  his  types  were  found  ;  and  this  is 
a  term  excellent  in  many  respects ;  but  ono  which  will  probably  not 
quite  supersede  "  Transition,"  because,  in  other  places,  transition  rocks 
occur  which  coiTespond  to  none  of  the  members  of  the  Silurian  region. 
Though  new  names  are  inevitable  accompaniments  of  new  views  of 
classiScation,  and  though,  therefore,  the  geological  discoverer  must  be 
allowed  a  right  to  coin  them,  this  is  a  privilege  which,  for  tho  sake  of 
his  own  credit,  and  the  circulation  of  his  tokens,  he  must  exorcise 
with  great  temperance  and  judgment.  M.  Brongniart  may  be  taken 
as  an  example  of  the  neglect  of  this  caution.  Acting  upon  tho  prin- 
ciple, in  itself  a  sound  one,  that  inconveniences  aiise  from  geological 
terms  which  have  a  mineralogical  signification,  he  has  given  an  entire- 
ly new  list  of  names  of  the  members  of  the  geological  series.  Thus 
the  primitive  nnstratifled  rocks  are  terrains  agalysiens  ;  the  transition 
semi-compact  are  kemilysiena  ;  the  sedimentary  strata  are  ytermem  ; 
the  diluvial  deposits  are  dyemiem  ;  and  these  divisions  are  subdivided 
by  designations  equally  novel ;  thus  of  the  "  terrains  yzemiens,"  mem- 
bers aie — the  tenains  dasUques,  tntomens,  pioteigues,  palvothe' 
nens,  epjlymmqves,  thalassiquea.'  Sueh  a  nomenclature  appears  to 
labor  undei  gieat  inconiemences,  smoe  the  teims  are  descriptive  m 
their  denvation,  yet  aie  not  jjcnerally  intelligible,  and  lefti  to  theo- 
retical views  yet  have  not  the  lecommendation  of  systematic  con- 


"  Ei'ougniart,  Tableau  des  Terr 
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Sect.  i. — -Geological  Synonymy,  or  Deierminalion  of  Geoloffical  Eqid- 
vatents. 

It  will  easily  be  supposed  that  with  so  many  difi'creut  sources  of  names 
as  we  have  mentioned,  the  same  stratum  may  be  called  by  different 
designations ;  and  thns  a  synonymy  may  be  necessary  for  geology ;  as 
it  was  for  botany  in  the  time  of  Bauhin,  when  the  same  plants  had 
been  spoken  of  by  so  many  different  appellations  in  different  authors. 
But  in  reality,  the  synonymy  of  geology  is  a  still  Tttore  important  part 
of  the  subject  than  the  analogy  of  botany  would  lead  us  to  suppose. 
For  in  plants,  tie  species  are  really  fixed,  and  easily  known  when 
seen  ;  and  the  ambiguity  is  only  in  the  imperfect  commnnication  or 
confiised  ideas  of  the  observers.  But  in  geology,  the  identity  of  a 
stratum  or  formation  in  different  places,  though  not  an  arbitrary,  may 
be  a  very  doubtful  matter,  even  to  him  who  has  seen  and  examined. 
To  assign  its  right  character  and  place  to  a  stratum  in  a  new  conntry, 
is,  in  a  great  degree,  to  establish  the  whole  geological  history  of  the 
country.  To  assume  that  the  same  nami^  may  rightly  be  applied  to 
the  strata  of  different  countiies,  is  to  tafee  for  granted,  not  indeed  the 
Wemerian  dogma  of  universal  formations,  but  a  considerable  degree 
of  generality  and  uniformity  in  the  tnown  ibrmations.  And  how  fai' 
this  generality  and  uniformity  prevail,  observation  alone  can  teach. 
The  sea;ch  for  geological  synonyms  in  different  countries  brings  before 
us  two  questions ; — first,  are  there  such  synonyms  ?  and  only  in  the 
second  place,  and  as  fiir  as  they  occur,  what  are  they ! 

In  fact,  it  is  found  that  although  formations  which  must  be  consi- 
dered as  geologically  identical  (because  otherwise  no  classification  is 
possible,)  do  extend  over  large  regions,  and  pass  from  country  to 
country,  their  identity  includes  certain  modifications ;  and  the  deter- 
mination of  the  identity  and  of  the  modifications  are  inseparably 
involved  with  each  other,  and  almost  necessarily  entangled  with  theo- 
retical considerations.  And  in  two  countries,  in  which  we  find  this 
modified  coincidence,  instead  of  saying  that  the  strata  are  identicaJ, 
and  that  their  designations  are  synonyms,  we  may,  with  more  proprie- 
ty, consider  them  as  two  corresponding  series;  of  which  the  members 
of  the  one  may  be  treated  as  the  Bepreseniatives  or  Hqziivalents  of 
the  members  of  the  other. 

This  doctrine  of  Kepresentativas  or  Equivalents  supposes  that  the 
geological  phenomena  in  the  two  conntries  have  been  the  results  of 
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similsr  series  of  events,  wliicli  liove,  ia  some  measure,  coincided  in 
tnme  and  order ;  and  tlius,  aa  we  liavo  said,  refers  ns  to  a  theory,  Btit 
yet,  considered  merely  as  a  step  in  classification,  thecompai-ison  of  the 
geological  series  of  sti'ata  in  different  counti-ies  is,  in  the  highest  de- 
gree, important  and  interesting.  Indeed  in  tie  same  manner  in  wtich 
the  separation  of  Classificatory  from  Chemical  Mineralogy  is  necessary 
for  tlie  completion  of  mineralogical  science,  the  comparatire  Classifi- 
cation of  the  strata  of  different  countries  according  to  their  resem- 
hlances  and  differences  alone,  is  requisite  as  a  basis  for  a  Theory  of 
their  causes.  But,  as  will  easily  be  imagined  from  its  nature,  this  part 
.of  descriptive  geology  deals  with  the  most  difficult  and  the  most  ele- 
vated problems  ;  and  requires  a  rai-e  union  of  laborious  obsei-vation 
with  a  compreliensive  spirit  of  philosophical  classification. 

In  order  to  give  instances  of  this  process  (for  of  the  vast  labor  and 
great  talents  which  have  been  thus  employed  in  England,  France,  and 
Germany,  it  is  only  instances  that  we  can  give,)  I  may  refer  to  Van 
geological  survey  of  France,  which  waa  executed,  as  we  have  already 
stated,  by  order  of  the  government.  In  this  uadertalcing  it  was 
intended  to  obtain  a  knowledge  of  the  whole  mineral  structure  of 
Fi'ance;  but  no  small  portion  of  this  knowledge  was  bronght  into 
view,  when  a  synonymy  had  been  ^tablisted  between  the  Secondary 
Books  of  France  and  the  corresponding  members  of  the  EngMi  and 
German  aeries,  which  had  been  so  well  studied  as  to  have  become 
classical  points  of  standard  reference.  For  the  purpose  of  doing  this, 
the  principal  dircctoi*  of  the  suiTey,  MM.  Brochant  de  Villiers,  Dc 
Beaumont,  and  Duirenoy,  came  to  England  in  1822,  and  following 
the  steps  of  the  best  Englisli  geologists,  in  a  few  months  made  them- 
selves acquainted  with  the  English  scries.  They  then  returned  to 
France,  and,  starting  from  the  chalk  of  Paris  in  various  directions, 
travelled  on  the  lines  which  carried  them  over  the  edg^  of  the  strata 
which  emerge  fi-om  beneatli  the  chalk,  identifying,  as  they  could,  the 
strata  with  their  foreign  analogues.  They  thus  recognized  almost  all 
of  the  principal  heds  of  the  oolitic  series  of  England.'  At  the  same 
time  they  found  differences  as  well  as  resemblances.  Thus  the  Port- 
land and  Kimmeridge  beds  of  France  were  found  to  contain  in  abun- 
dance a  certain  shell,  the  grypkcm  virgula,  which  had  not  before  been 
much  remarked  in  those  beds  in  England.  With  regard  to  the 
synonyma  in  Germany,  on  tlie  other  hand,  a  dift'eronce  of  opinion 

'  De  la  Beohe,  Matmsl,  305. 
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arose  between  M,  Elie  tie  Beaumont  and  M.  Voltz,"  the  fovracv  con- 
sidering the  Gfrk  de  Yosges  as  tte  equivalent  of  the  Rothe  todte 
liegende,  which  occurs  beneath  the  Zechstein,  while  M.  Voltz  held 
that  it  was  the  lower  portion  of  tlie  Bed  or  Variegated  Sandstone 
which  rests  on  the  Zechstein, 

In  the  same  manner,  from  the  first  promulgation  of  tire  Wernerian 
system,  attempts  were  made  to  identify  the  English  witi  the  Geraian 
members  of  the  geological  alphabet;  but  it  was  long  before  this 
alphabet  was  rightly  i-ead.  Thus  the  English  geologists  who  first  tried 
to  apply  the  Wernerian  scries  to  this  country,  conceived  the  Old  and 
New  Eed  Sandstone  of  England  to  be  the  same  with  the  Old  and 
New  Ked  Sandstone  of  Werner ;  whereas  Werner's  Old  Eed,  the 
Rothe  todte  Hegende,  is  above  the  coal,  while  the  English  Old  Eed  is 
below  it.  This  mistake  led  to  a  further  erroneous  identification  of 
our  Mountain  Limestone  with  Werner's  First  Flotz  Limestone ;  and 
caused  an  almost  inextricable  confusion,  which,  even  at  a  recent 
pei'iod,  has  perplexed  the  views  of  German  geologists  respecting  this 
comitry.  Again,  the  Lias  of  England  was,  at  first,  supposed  to  be  the 
equivalent  of  the  Muschelfealt  of  Germany,  But  the  error  of  this 
identification  was  brought  into  view  by  esaminations  and  discussions 
in  which  MM.  {%enliausen  and  Dechen  took  the  lead ;  and  at  a  later 
period,  Professor  Sedgwick,  by  a  laborious  examination  of  the  strata 
of  England,  was  enabled  to  show  the  true  relation  of  this  part  of 
the  geology  of  the  two  countries.  According  to  him,  the  New  Eed 
Sandstone  of  England,  considered  as  one  great  complex  formation, 
may  be  divided  into  seven  membere,  composed  of  sandstones,  lime- 
stones, and  marls ;  five  of  which  represent  respectively  the  Rothe  todte 
liegende;  ihs>  Kwpfer  eahiefer  ;  the  ZecMmi,  (with  the  iJawAwiac^^ 
Asehe,  and  Stinhstem  of  the  Thuringenwald  ;)  the  Bunter  sandstein  ; 
and  the  Kev/per :  while  the  Musehelkalh,  which  lies  between  the  two 
last  members  of  the  German  list,  has  not  yet  been  discovered  in  our 
geological  series.  "Such  a  coincidence,"  he  observes,"  "in  the  sab- 
divisions  of  two  distant  mecianical  deposits,  even  upon  the  supposi- 
tion of  their  being  strictly  contemporaneous,  is  truly  astonishing.  It 
has  not  been  assumed  hypothetically,  but  is  the  fair  result  of  the  facts 
which  are  recorded  in  this  paper." 

As  an  example  in  which  the  study  of  geological  equivalents  becomes 
still  more  diflieult,  we  may  notice  the  attempts  to  refer  the  strata  of 

»  De  ]a  lifiche,  Manual,  381.  °  fhnl  T^aiia  Se'^ond  Series,  iii.  121. 
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the  Alps  to  tiiose  of  the  iioitk-west  of  Europe.  The  dark-colored 
marbles  and  schists  resembling  mica  elate"  were,  during  the  preva- 
lence of  the  Wernerian  theory,  referred,  as  was  natural,  to  the  transi- 
tion class.  The  atrildng  physical  characters  of  this  mountain  region, 
and  its  long-standing  celebrity  as  a  subject  of  mineralogical  e 
tion,  made  a  complete  subversion  of  the  received  opinion  r 
its  place  in  the  geol(^cal  aeries,  au  event  of  great  import-ance  in  the 
history  of  the  Boience.  Yet  this  was  what  occurred  when  Dr.  Buch- 
landl,  in  1820,  threw  his  piercing  glance  upon  this  district.  He  imme- 
diately pointed  out  that  these  masses,  by  their  fossils,  approach  to  the 
Oolitic  Series  of  this  countiy.  Fi'om  this  view  it  followed,  that  the 
geological  equivalents  of  that  series  were  to  be  found  among  rocks  in 
which  the  mineralogical  characters  were  altogether  different,  and  that 
the  loose  limestones  of  England  represent  some  of  the  highly-compact 
and  crystalline  marbles  of  Italy  and  Greece.  This  view  was  confirmed 
by  sulffiequent  investigations ;  and  the  correspondence  was  traced,  not 
only  in  the  general  body  of  the  formations,  but  in  the  occurrence  of 
the  Bed  Marl  at  its  bottom,  and  the  Green  Sand  and  Chalk  at  its 
top. 

The  talents  and  the  knowledge  which  such  tasls  require  are  of  no  or- 
dinary kind ;  nor,  even  with  a  consummate  acquaintance  with  the  well- 
ascertained  formations,  can  the  place  of  problematical  strata  be  decided 
without  immense  labor.  Thus  the  examination  and  delineation  of 
hundreds  of  shells  by  the  most  skilful  conchologists,  has  been  thought 
necessary  in  order  to  determine  whether  the  calcareous  beds  of  Maes- 
tricht  and  of  Gosau  are  or  are  not  intermediate,  as  to  their  organic 
contents,  between  the  chalk  and  the  tertiary  formations.  And  scarcely 
any  point  of  geological  classification  can  be  settled  without  a  similar 
union  of  tJie  accomplished  naturalist  with  the  laborious  geological 
collector. 

It  follows  from  the  views  ah-eady  presented,  of  this  part  of  geology, 
that  no  attempt  to  apply  to  distant  countries  the  names  by  which  the 
well-known  European  strata  have  been  desc  1  ed  c  n  be  of  wy  value, 
if  not  accompanied  by  a  corresponding  ittempt  to  show  ho  Sir  the 
s  is  really  applicable.  Th  s  must  be  bo  Tie  m  mind  in 
5  the  import  of  the  geolog  cal  accou  ts  vh  eh  ha  been 
given  of  various  parts  of  Asia,  Africa  tnd  Amer  ca  Fo  instance, 
when  the  carboniferous  gronp  and  the  new  red  sandstone  aie  stated  to 

"  Do  lu  Bei^lic,  Manual,  B13, 
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be  found  in  Indiii,  we  require  to  bo  assured  that  these  fomiatioES  are, 
in  some  way,  the  equivalents  of  tlieir  synonyms  in  countries  bcttei' 
explored.  Till  this  is  done,  the  results  of  observation  in  such  places 
would  be  better  conveyed  by  a  nomenclature  implying  only  tliose  facts 
of  resemblance,  difference,  and  order,  which  have  been  ascertained  in 
the  country  so  described.  We  tnow  that  serioua  eiTors  were  incurred 
by  the  attempts  made  to  identify  the  Tertiary  strata  of  other  conntries 
witli  those  fli-st  studied  in  the  Paris  basin.  Fancied  points  of  resem- 
blance, Mr.  Ly ell  observes,  were  magnified  iuto  undue  importance,  and 
essential  differences  in.  mineral  character  and  organic  contents  were 
slurred  over. 

[2nd  Ed.]  [The  extension  of  geological  sniTeys,  the  construction  of 
geological  maps,  and  tlie  determination  of  the  geological  equivalents 
which  replace  each  other  in  various  counti'ies,  have  been  carried  on  in 
continuation  of  the  labors  mentioned  above,  with  enlai^od  activity, 
range,  and  means.  It  is  estimated  that  one-third  of  the  land  of  eacli 
hemisphere  has  been  geologically  explored ;  and  that  thus  Descriptive 
Gfeology  has  now  been  prosecuted  so  fer,  liat  it  is  not  likely  that  even 
the  extension  of  it  t«  the  whole  globe  would  give  any  material  novelty 
of  ^pect  to  Theoretical  Geology.  The  recent  literature  of  the  subject 
is  so  voluminous  that  it  is  impossible  for  me  to  give  any  account  of  it 
here ;  very  imperfectly  acquainted,  as  I  am,  even  with  the  English 
portion,  and  still  more,  with  what  has  been  produced  ia  other 
countries. 

While  I  admire  the  ene^tic  and  enlightened  labors  by  which  the 
philosophers  of  France,  Belgium,  Germany,  Italy,  Ku^ia,  and  America, 
have  promoted  scientific  geology,  I  may  be  allowed  to  rejoice  to  see  in 
the  very  phraseology  of  the  sutgect,  the  evidence  that  English  geolo- 
gists have  not  failed  to  contribute  their  share  to  tJie  latest  advances  in 
tlie  science.  The  following  order  of  strata  proceeding  upwards  is  now, 
I  think,  recognized  throughout  Europe.  The  Silurian  ;  tlie  Devonian 
(Old  Ked  Sandstone ;)  the  Caa'honifei-ov.s  ;  the  Permian,  (Lower  part 
of  the  new  Red  Sandstone  series ;)  the  Trias,  (Upper  three  members 
of  the  New  Eed  Sandstone  series ;)  the  Lias ;  the  Oolite,  (in  which 
are  rectoned  by  M.  D'Orbigny  the  Etages  Batkonien,  Oxonien,  Kim- 
meridgien,  and  Pm-tlandien ;)  the  Neocomien,  (Lower  Green  Sand,) 
the  Chalk ;  and  above  these.  Tertiary  and  Supra-Tertiary  beds.  Of 
these,  the  Silurian,  described  by  Sir  K.  Murcbison  fmm  its  types  in 
South  Wales,  has  been  traced  by  European  Geologists  through  the 
Ardennes,  Servia,  Turkey,  the  shores  of  the  Gulf  of  Finland,  the  valley 
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of  the  Mississippi,  the  west  coast  of  North  Amenoa,  and  the  iiioun- 
tains  of  South  America.  Again,  tlio  labors  of  Prof.  Sedg^vict  and 
Sir  E.  Murchison,  in  1836,  '7,  and  '8,  aided  by  tHe  sagacity  of  Mr. 
Lonsdale,  led  to  their  placing  certain  rocfe  of  Devon  and  Cornwall  as 
a  formation  intermediate  between  the  Silurian  and  Carboniferous  Se- 
ries ;  and  the  Devonian  System  thus  established  has  been  accepted  by 
geologists  in  general,  and  has  been  traced,  not  only  in  various  parts  of 
Kurope,  but  in  Australia  and  Tasmania,  and  in  the  neighborhood  of 
the  AUeganies. 

Above  tJie  Catboniferona  Series,  Sir  E.  Murchison  and  his  fellow 
laborers,  M.  de  Vemeuil  and  Count  Keyserling,  have  found  in  Kussia 
a  well-developed  series  of  rocks  occupying  the  ancient  kingdom  of 
Permia,  which  they  have  hence  called  the  Permian  formation  ;  and 
this  term  also  has  found  general  acceptance.  The  next  group,  the 
Keuper,  Muscbelkalk,  and  Bunter  Sandstein  of  Germany,  has  been 
termed  Trias  by  the  continental  geologists.  The  Neocomien,  is  so 
called  from  Neuchatel,  where  it  is  largely  developed.  Below  all  these 
rocks  come,  in  England,  the  Camhricai,  on  which  Prof.  Sedgwick  has 
expended  so  many  years  of  valuable  labor.  The  compaiison  of  the 
Protozoic  and  Hypozoic  rocks  of  different  countries  ia  probably  still 


The  geologists  of  North  America  have  made  great  progress  in  decy- 
phering  and  describing  the  structure  of  their  own  country ;  and  they 
have  wisely  gone,  in  a  great  measure,  upon  the  plan  which  I  have 
commended  at  the  end  of  the  third  Chapter ; — they  have  compared 
the  rocks  of  their  own  country  with  each  other,  and  given  to  the  dif- 
ferent beds  and  formations  names  borrowed  from  their  own  localities. 

This  course  will  facilitate  rather  than  impede  the  reduction  of  their 
classification  to  its  synonyms  and  equivalents  in  the  old  world. 

Of  course  it  is  not  to  be  expected  nor  desired  that  books  belonging 
to  Descriptive  Geology  shall  exclude  the  other  two  branches  of  the 
subject,  Geological  Dynamics  and  Physical  Geology.  On  the  contrary, 
among  the  most  valuable  conti-ibutions  to  both  tkese  departments  have 
been  speculations  appended  to  descriptive  works.  And  this  is  naturally 
and  rightly  more  and  more  the  case  as  the  description  embraces  a 
wider  field.  The  noble  work  On  tlie  Geology  of  Russia  and  ike  Urals, 
by  Sir  Roderick  Murchison  and  his  companions,  is  a  great  example  of 
this,  as  of  other  merits  in  a  geological  book.  The  author  introduces 
into  hia  pages  the  various  portions  of  geological  dynamics  of  which  I 
shall  have  to  speak  afterwards;  and  thus  endeavors  to  make  out  the 
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physical  histoi'y  of  the  region,  the  boundaries  of  its  raised  sea  bottoms, 
the  shores  of  the  great  continent  on  which  the  mammoths  lived,  the 
period  when  the  gold  ore  was  formed,  and  wKen  the  watershed  of  the 
UraJ  chain  was  elevated.] 


CHAPTER  IV. 
Attempts  to  Disooveh  General  Laws  in  Geolog-y. 

Sect.  1. — Qeneral  Geological  Plienomena. 

BESIDES  thus  noticing  such  features  in  the  rocks  of  cacli  country 
aa  were  nece^ary  to  the  identification  of  the  strata,  geologists 
have  had  many  other  phenomena  of  the  earth's  surface  and  materials 
presented  to  their  notice ;  and  these  they  have,  to  a  certain  extent, 
attempted  to  generalize,  so  as  to  obtain,  on  this  subject  what  we  have 
elsewhere  termed  the  Laws  of  Phenomena,  which  are  the  best  mate- 
rials for  physical  theoiy.  "Without  dwelling  long  upon  these,  we  may 
briefly  note  some  of  the  most  obvious.  Thus  it  has  been  observed 
that  mountain  ranges  often  consist  of  a  ndge  ol  subjacent  rock,  on 
which  he,  on  eaoh  side,  strata  sloping  ftom  the  ridge  Such  a  ndge 
iR  an  Aniichnal  Lvne,  «t  Mumahjical  oljrzs  The  slopm.,  sti  ta  pie 
sent  then  Eicaipements,  oi  sttep  edges,  to  this  axis  Again,  in  mm 
ing  countriBS,  the  Venii  whicii  contain  thi,  oie  aie  lasuallj  i  '•ystem 
oi  parallel  and  nearly  ^eitinl  pirtitions  m  the  ro  li  and  these  ire 
m  \eiy  many  casei,  intersected  by  anothei  system  cf  ^ems  paiallel  to 
tach  other  and  neaxlj  j>erpmdiculm  to  the  formei  Eocky  regions 
aie  often  intersected  by  ^aute  orfissuies  mtcrrnpting  the  strata  m 
which  the  lock  on  one  side  tlie  hssuie  appears  to  have  been  at  hrst 
continuous  with  that  on  the  othei,  and  shoved  asile  oi  ip  oi  down 
after  the  fiacture  Again,  besides  these  larger  fractuies,  locks  haie 
Joints — separabons,  or  tendencies  to  separate  in  some  directions  ra 
thei  than  m  others  ,  and  a  daty  Cleaiage,  m  which  the  parillel  sub 
divisions  may  le  cained  on  so  as  to  produce  lammo  ot  indefinite 
thinness  As  an  e\amplo  of  those  laws  of  phenomtni  cf  which  we 
hiicspoken  we  miT  instance  th    general  Hw  *=seit  IWPirf  Sed^ 
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wick  (not,  liowever,  as  fvco  from  cxoeption),  ttat  in  onn  particuinr 
class  of  rocks  the  slaty  Cleavage  never  coincides  with  tlie  Direction  of 
the  strata. 

The  phenomena  of  metalliferous  veins  may  he  referred  to,  as  another 
large  class  of  facts  which  demand  the  notice  of  the  geologist.  It 
would  he  difficult  to  point  out  briefly  any  general  laws  which  prevail  in 
such  cases ;  hut  in  order  to  sliow  the  curious  and  complex  nature  of 
the  fects,  it  may  be  sufficient  to  refer  to  the  description  of  the  metallic 
veins  of  Cornwall  by  Mr.  Carne;'  in  which  the  author  msuntains  that 
their  various  contente,  and  the  manner  in  which  they  cut  acriss,  and 
stiy>,  or  shift,  each  other,  leads  naturally  to  the  assnraption  of  veins  of 
no  less  than  six  or  eigLt  different  ages  in  one  kind  of  rock. 

Again,  as  important  chai'acters  belonging  to  the  physical  history  of 
the  earth,  and  therefore  to  geology,  we  may  notice  all  the  general  laws 
which  refer  to  its  temperature ;— -both  the  laws  of  climate,  as  deter- 
mmed  by  the  isothermal  lines,  which  Humboldt  ias  drawn,  by  the  aid 
of  very  numerous  observations  made  in  all  paits  of  the  world ;  and 
also  those  still  more  carious  facts,  of  the  increase  of  temperituie  which 
takes  place  as  we  descend  in  tiie  solid  mass.  The  lattei  cncumstance, 
after  being  for  a  while  rejected  as  a  fehle,  or  explained  away  i*  an 
accident,  is  now  generally  acknowledged  to  be  the  trne  state  if  tJiings 
in  many  distant  parts  of  the  globe,  and  probably  in  all 

Again,  to  tnm  to  cases  of  another  kind :  some  writers  have  endeai  ored 
to  state  in  a  general  manner  laws  according  to  which  the  members  of 
the  geological  scries  succeed  each  other ;  and  to  i-educe  apparent  ano- 
malies to  order  of  a  wider  kind.  Among  those  who  have  wi'ittenwith 
such  views,  we  may  notice  Alexander  von  Humboldt,  always,  and  in  all 
sciences,  foremost  in  the  race  of  generalization.  In  his  attempt  to 
extend  the  doctrine  of  geological  equivalents  from  the  rocks  of  Europe' 
to  those  of  the  Andes,  he  has  marked  by  appropriate  tei'ms  the  general 
modes  of  geological  succession.  "I  have  insisted,"  he  says,'  "princi- 
pally upon,  the  phenomena  of  alia-nation,  oscillation,  and  local 
suppression,  and  on  those  presented  by  the  passages  of  formations  from 
one  to  another,  hy  the  effect  of  an  interior  developemenV' 

The  phenomena  of  alternation  to  which  M.  ^^e  Hnmboldt  here  refers 
are,  in  fiict,  very  curious ;  as  exhibiting  a  mode  in  which  the  transitions 
firom  one  formation  to  another  may  become  gradual  and  i 

'  Tranmdions  of  the  Ocd.  Boc.  of  Cornwall,  vol.  ii. 
"  Qissemeiit  des  liochea  dans  les  deax  Himispkirca,  1823. 
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instead  of  sudden  and  abrupt.  Tliua  the  coal  measures  in  tlie  south  of 
England  are  above  tlic  mountain  liciijstone ;  and  the  distinction  of  the 
formations  is  of  the  most  marked  Idnd.  But  as  we  advance  north- 
ward into  the  coal-fiold  of  Yorkshire  and  Durham,  the  subjacent  hme- 
atone  begins  to  be  subdivided  by  thick  masses  of  sandstone  and 
carbonaceous  strata,  and  passes  into  a  complex  deposit,  not  distinguish- 
able from  the  overlying  coal  measures ;  and  in  this  maanor  the  transition 
from  the  limestone  to  the  coal  is  made  hy  alternation.  Thus,  to  use 
another  expression  of  M.  do  Humboldt's  in  ascending  from  tlio  lime- 
stone, the  coal,  before  we  quit  the  subjacent  stratum,  jjreiurfcs  to  its 
fuller  exhibition  in  the  superior  beds. 

Again,  as  to  another  point :  geologists  have  gone  on  up  to  the 
present  time  endeavoring  to  discover  general  laws  and  facts,  with 
regard  to  the  position  of  mountain  and  mineral  masses  upon  the  surfiice 
of  the  earth.  Thus  M.  Von  Ench,  in  his  physical  description  of  the 
Canaiies,  has  given  a  masterlydeecriptionof  the  lines  of  volcanic  action 
and  volcanic  pi\)ducta,  all  over  the  globe.  And,  more  recently,  M, 
Elie  de  Beaimiont  has  offered  some  generalizations  of  a  stiO  wider  kind. 
In  this  new  doctrine,  those  mountain  ranges,  even  in  distant  parts  of 
the  world,  which  arc  of  the  same  s^e,  according  to  the  claasiflcatiom 
already  spoken  oi^  are  asserted  to  be  parallel'  to  each  other,  while  those 
ranges  which  are  of  different  ages  lie  in  different  directions  This 
very  wide  and  striking  proposition  may  be  consideied  as  being  at 
present  upon  its  trial  among  the  geologists  of  Euiope' 

Among  the  organic  phenomena,  also,  which  hv,e  been  the  subject 
of  geological  study,  general  Jaws  of  a  very  wide  and  comprehcnsne 
kind  have  been  suggested,  and  in  a  greater  oi  lees  degree  confirmed 
by  adequate  assemblages  of  facts.  'Hiua  Jil  AdolpJie  Brongmart  has 
not  only,  in  his  Fossil  Mora,  represented  and  skdfnlly  lestorcd  a  \ast 
number  of  the  plants  of  the  ancient  world ;  bnt  he  has  also,  in  the 
Prodfomus  of  the  work,  presented  various  important  and  striking 
views  of  the  genera!  character  of  the  vegetation  of  former  peiiod's,  aa 

■*  Wamay  observe  that  tlienoijon.  of  parallelism,  when  applieifohnen  dwiwn 
on  i-emofe  portions  of  a  globular  aurfaee,  ceqairssto  be  inteiijietodmeoailiitrarj 
a  manner,  ttat  we  can  hardly  imagine  it  to  expraes  a  physical  law. 

"  Mr.  Lyall,  in  the  sixth  edition  of  his  Fi-indplea,  B.  i.  o.  sii.,  has  combated 
tha  hypothecs  of  M.  Elie  de  Beaumont,  stated  m  the  tejrt.  He  has  argued  both 
against  tlie  entastrophio  chai'aetar  of  the  elevation  of  mountoin  ehnins,  and  the 
parallelism  of  the  oontemporaneovis  ridges.  It  is  evident  that  the  former  doe- 
trine  may  be  true,  though  the  hitter  he  shown  to  be  false. 
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insular  or  continental,  tropical  or  temperate.  And  M.  Agassiz,  by  the 
examination  of  an  incredible  niimber  of  specimens  and  collections  of 
fossil  fish,  has  been  led  to  results  which,  expressed  in  terms  of  his  own 
ichthjologicaJ  classification,  form  remarkable  general  laws.  ITxus,  ac- 
cording to  him,'  when  we  go  below  the  lias,  we  lose  all  traces  of  two  of 
the  four  orders  under  which  he  comprehends  all  known  kinds  of  fish ; 
namely,  the  Cycloidean  and  the  Ctentiidean  ;  while  the  other  two  orders, 
the  ffanoiidean  and  PlaccHdean,  rare  in  our  days,  suddenly  appear  in 
great  numbers,  together  with  large  sauroid  and  carnivorous  fishes. 
Gnvier,  in  constructing  his  great  work  on  ichthyology,  transferred  to 
M.  Agaasiz  the  whole  subject  of  fossil  fishes,  thus  showing  how  highly 
he  esteemed  his  talents  as  a  naturalist.  And  M.  Agassiz  has  shown 
himself  worthy  of  his  great  predecessor  in  geological  natural  history, 
not  only  hy  his  acuteness  and  activity,  but  by  the  comprehensive 
character  of  hfe  zoological  philosophy,  and  by  the  courage  with  which 
hehasaddressedhimself  to  the  vast  labors  which  lie  before  Hm.  In  his 
Seport  on  the  Fossil  Fish  discovered  in  England,  published  in  1835, 
he  briefly  sketches  some  of  the  latge  questions  which  Hs  researches 
have  suggested ;  and  then  adds,'  "  Such  is  the  mcagi-e  outline  of  a 
history  of  the  highest  interest,  fnll  of  curious  episodes,  but  most  diffi- 
cult to  relate.  To  unfold  the  details  which  it  contains  will  be  the 
business  of  my  life." 

[2nd  Ed.]  [In  proceeding  downwards  through  the  series  of  formar 
tions  into  which  geologists  have  distributed  the  rooks  of  the  earth, 
one  class  of  organic  forms  after  another  is  found  to  disappear.  In  the 
Tertiary  Period  we  find  all  the  classes  of  the  present  world :  Mam- 
mals, Birds,  Eeptilea,  Fishes,  Crustaceans,  Mollusks,  Zoophytes.  In 
the  Secondary  Period,  fi'om  the  Chalk  down  to  the  fTew  Eed  Sand- 
stone, Mammals  are  not  found,  with  the  minute  exception  of  the  mar- 
supial amphitkeriuTH,  and  'phascolotkerhim  in  the  Stonesfield  slate.  In 
the  Carboniferous  and  Devonian  period  we  have  no  lai^-e  Eeptiles, 
with,  again,  a  minute  amount  of  exception.  In  the  lower  part  of  the 
Silnriaji  rocks.  Fishes  vanish,  and  we  have  no  animal  forms  but  Mol- 
Insks,  Crustaceans  and  Zoophytes. 

The  Carboniferous,  Devonian  and  Silurian  formations,  thus  con- 
taining the  oldest  forms  of  life,  have  been  tei-med  fal(£ozoic.  The 
boundaries  of  the  life-bearing  series  have  not  yet  been  determined ; 
hut  the  series  in  which  vertebrated  animals  do  not  appear  has  been 

°  Greenougb,  Address  to  Geol.  8oc.  1835,  p.  19.       '  Bril.  Assoc.  Jiepori,  p.  ^2. 
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provisionally  termed  ^I'otoaoic,  aiid  the  lowei'  Silurian  rocks  uiay 
probably  be  looked  apoa  as  its  upper  members.  Below  this,  geolo- 
gists place  a  hypo^oic  or  asoic  series  of  rooks. 

GeologisfB  differ  as  to  the  question  whether  these  changes  in  the 
inhabitants  of  the  globe  were  made  by  determinate  steps  or  by  insen- 
sible gradations.  M.  Agaasiz  has  been  led  to  the  conviction  that  the 
o]^nized  population  of  the  globe  was  renewed  in  the  interval  ofcacli 
principal  member  of  its  formations.'  Mr.  Lyell,  on  the  othei'  hand, 
conceives  that  tie  change  in  the  collection  of  organized  beings  was 
gradual,  and  has  proposed  on  this  subject  an  hypothesis  which  I  shall 
hereafter  consider.] 

Sect.  2. — Transition  to  Geological  Dynamics. 

While  we  have  been  giving  tins  account  of  the  objects  with  which 
Descriptive  Geology  is  occupied,  it  mxist  hare  been  felt  how  difficult 
it  is,  in  contemplating  such  facts,  to  confine  ourselves  to  description 
and  classification,  (^  Conjectures  and  reasonings  respecting  the  causes 
of  the  phenomena  force  themselves  upon  its  at  every  step  ;  and  even 
influence  our  classification  and  nomenclature.  Our  Descriptive 
Geology  impels  us  to  endeavor  to  construct  a  Physical  Geology.  This 
close  connexion  of  the  two  branches  of  the  subject  by  no  means  in- 
validates the  necessity  of  distinguishing  them  :  as  in  Botany,  altboiigh 
tlie  formation  of  a  Natural  System  necessarily  .brings  us  to  physiolo- 
gical relations,  we  still  distinguish  Systematic  from  Physiological 
Eotauy.  / 

Supposing,  however,  our  Descriptive  Geology  to  be  completed,  as 
fer  as  can  be  done  witJiout  considering  closely  the  causes  by  whicli 
the  strata  have  been  produced,  wo  have  now  to  enter  upon  the  other 
province  of  the  science,  which  treats  of  those  causes,  and  of  which  we 
have  already  spoken,  as  Physical  Geology.  But  Ijefore  we  can  treat 
this  depaitment  of  speculation  in  a  manner  suitable  to  tbe  conditions 
of  science,  and  to  the  analogy  of  other  parts  of  our  knowledge,  a 
certain  intermediate  and  preparatory  science  must  be  formed,  of  which 
we  shall  now  consider  the  origin  and  progress.    ' 

*  Brit.  Amac.  lii'poif  1842,  p.  83. 
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CIIAPTEE  V. 
Inorganic  Geological  Bynamics. 

Sect.  1. — 2fece>siti/  and  Object  of  a  Science  of  Geological  Dynamics. 


VHEN  the  structure  aiid  ai-rangement  which  i 
materials  of  the  earth  instigated  them  to  speculate  concerning 
the  past  changes  and  revolutions  hy  wliich  such  restJts  had  been  pro- 
duced, they  at  firet  supposed  themselves  sufficiently  able  to  judge 
what  would  he  the  effects  of  any  of  the  obvious  agents  of  change,  as 
water  or  volcanic  fire.  It  did  not  at  once  occur  to  them  to  suspect, 
that  their  common  and  esteinporaneoua  judgment  on  such  points  was  far 
from  sufficient  for  sound  knowledge ; — they  did  not  foresee  that  they 
must  create  a  special  science,  wh^e  object  should  be  to  estimate  the 
general  laws  and  effects  of  assumed  caiTses,  before  they  could  pro- 
nounce whether  such  causes  had  actually  produced  the  particular  facts 
which  their  survey  of  the  eai-th  had  disclosed  to  them. 

Yet  the  analogy  of  the  progress  of  knowledge  on  other  subjects 
points  out  very  clearly  the  necessity  of  such  a  science.  When  phe- 
nomenal astronomy  had  arrived  at  a  high  point  of  completeness,  by 
the  labors  of  ages,  and  especially  by  the  discovery  of  Kepler's  laws, 
astronomers  wore  vehemently  desirous  of  knowing  the  causes  of  these 
motions ;  and  sanguine  men,  such  as  Kepler,  readily  conjectured  tliat 
the  motions  were  the  effects  of  certfun  virtues  and  influences,  by  which 
the  heavenly  bodies  acted  upon  each  other.  But  it  did  not  at  first 
occur  to  him  and  his  fellow-speculators,  that  they  had  not  ascertained 
what  motions  the  inflnences  of  one  body  upon  another  conid  produce ; 
and  that,  therefore,  they  were  not  prepared  to  judge  whether  such 
causes  as  they  spoke  oi^  did  really  regulate  tlie  motions  of  tlie  planets. 
Yet  such  was  found  to  be  the  necessary  course  of  sound  inference. 
Men  needed  a  science  of  motion,  in  order  to  arrive  at  a  science  of  the 
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heavenly  motious ;  tliey  coqM  not  advance  in  lie  study  of  the 
Mechanics  of  the  heavens,  till  they  had  learned  the  Mechanics  of  ter- 
restrial bodies.  And  thus  they  were,  in  such  speculations,  at  a  stand 
for  nearly  a  century,  from  the  time  of  Kepler  to  the  time  of  Newton, 
while  the  science  of  Mechanics  was  formed  by  Galileo  and  his  saeces- 
sors.  Till  that  taat  was  executed,  all  the  attempts  to  aasign  the  eatises 
of  cosmical  phenomena  were  fanciful  guesses  and  vague  HsseitioEs; 
after  that  was  done,  tliey  beeame  demonstrations.  The  science  of 
Dynamics  enabled  philosophers  to  pass  seourely  and  completely  from 
Phenomenal  Aitronomy  to  Physical  Astrmunny. 

In  like  manner,  in  order  that  we  may  advance  from  Phenomenal 
Geology  to  Physical  Geology,  we  need  a  science  of  Geological  Dyna- 
mics;— that  is,  a  science  which,  shall  investigate  and  determine  the 
laws  and  consequences  of  the  known  causes  of  changes  such  as  those 
which  Geology  considers : — and  which  shall  do  this,  not  in  an  occa- 
sional, imperfect^  and  unconnected  manner,  but  by  systematic,  com- 
plete, and  conclusive  methods ; — shall,  in  shoii,  he  a  Science,  and  not 
a  promiscuous  assemblage  of  desultory  essays. 

The  necessity  of  such  a  study,  as  a  distinct  branch  of  geology,  is 
perhaps  hardly  yet  formally  recognized,  although  the  researches  which 
belong  to  it  have,  of  late  years,  assumed  a  much  more  methodical  and 
scientific  character  than  tliey  before  possessed.  Mr.  Lyell's  work 
{Principles  of  Geology),  in  particular,  has  eminently  contributed  to 
place  Geological  Dynamics  in  its  proper  prominent  position.  Of  the 
four  books  of  his  Treatise,  the  second  and  third  are  upon  this  di- 
vision of  the  subject ;  the  second  book  treating  of  aC[Ueous  and 
igneous  causes  of  change,  and  the  third,  of  changes  in  the  organic 

There  is  no  difficulty  in  separating  this  auxiliary  geological  science 
from  theoretical  Geology  itself,  in  which  we  apply  our  principles  to 
the  explanation  of  the  actual  fecte  of  the  earth's  aurfeee.  The  foimer, 
if  perfected,  would  be  a  demonstrative  science  dealing  with  general 
cases;  the  latter  is  an  £etiological  view  having  reference  to  special 
facts ;  the  one  attempts  to  determine  what  always  must  he  under 
given  conditions ;  the  other  is  satisfied  with  knowing  what  is  and  has 
been,  and  why  it  has  been;  the  first  study  has  a  strong  resemblance 
to  Mechanics,  the  other  to  philosophical  Archfeology. 

Since  this  portion  of  science  is  still  so  new,  it  is  scarcely  possible  to 
give  any  historical  account  of  its  progi-ees,  or  any  complete  survey  of 
its  shape  and  component  parts.     I  can  only  attempt  a  few  notices, 
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whicli  may  enable  us  in  somo  measure  to  judge  to  ivliat  point  tliit- 
division  of  our  subject  is  tending. 

Wo  may  remark,  ia  this  as  ia  former  cases,  that  since  we  have  here 
to  consider  the  fonnation  and  progress  of  a  science,  we  must  ti'oat  as 
unimportant  preludes  to  its  histoiy,  tlie  detached  and  casual  obserya- 
IJons  of  the  effects  of  causes  of  change  which  we  find  in  older  ivritere. 
It  is  only  when  we  come  to  eystematio  collections  of  information,  such 
as  may  affoi'd  the  means  of  drawing  general  conclusions ;  or  to  rigo- 
rous deductions  from  known  laws  of  nature ; — tliat  we  can  recognize 
the  separate  existcuce  of  geological  dynamics,  as  a  patli  of  scientific 


The  following  may  perhaps  sufBce,  for  the  present,  as  a  sketch  of 
the  subjects  of  which  tliis  science  treats : — the  aqueous  causes  of 
change,  or  those  in  which  water  adds  to,  takes  from,  or  transfers,  t!ie 
materials  of  the  land: — ^tlie  igneous  causes;  volcanoes,  and,  closely 
connected  with  them,  earthquakes,  and  the  forces  by  which  they  are 
produced ; — the  calculations  which  determine,  on  physical  principles, 
tlie  effects  of  assumed  mechanical  causes  acting  upon  large  portdons  of 
the  crnst  of  the  earth; — the  effect  of  the  forc^  whatever  thoy  be, 
which  produce  the  crystalline  texture  of  rocks,  their  fissile  structure, 
and  the  separation  of  materials,  of  which  we  see  the  results  in  metal- 
liferous veins.  Again,  the  estimation  of  the  results  of  changes  of 
temperature  in  the  earth,  whether  operating  by  pressure,  expansion,  or 
in  any  other  way; — the  effects  of  assumed  changes  in  the  superficial 
condition,  extent,  and  elevation,  of  terrestrial  continents  upon  the  cli- 
mates of  the  earth  ; — ihn  effect  of  assumed  cosmical  changes  upon  the 
temperature  of  this  planet; — and  rffleardies  of  the  same  nature  as 
these. 

Tliese  researches  are  concerned  with  the  causes  of  change  in  tlie 
inoiganic  world  ;  but  the  subject  requires  no  less  that  we  should  in- 
vestigate the  causes  which  may  motlify  the  fonns  and  conditions  of 
organic  things ;  and  in  the  large  sense  in  which  we  have  to  use  the 
phrase,  wc  may  include  researches  on  such  subjects  also  as  parts  of 
Geological  Dynamics ;  although,  in  truth,  this  department  of  physi- 
ology has  been  cultivated,  as  it  well  deserves  to  be,  independently  of 
its  bearing  upon  geological  theories.  The  great  problem  which  offers 
itself  here,  in  reference  to  Geology,  is,  to  examine  the  value  of  any 
hypotheses  by  which  it  may  be  attempted  to  explain  the  succession  of 
different  races  of  animals  and  plants  in  different  strata  ;  and  though 
it  may  be  difficult,  in  this  inquiry,  to  arrive  at  any  positive  result,  we 
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ma;  at  least  ba  able  to  show  the  improbability  of  some  conjeetiti'<;s 
which  have  been  propounded. 

I  shall  now  give  a  very  brief  account  of  some  of  tJie  attempts  made 
in  these  various  departments  of  this  province  of  our  knowledge  ;  and 
in  the  present  chapter,  of  Inorganic  Changes. 

Sect.  1. — Aqv,tou.s  Ca-u^es  of  Change. 

The  controversies  to  whioh  the  various  theories  of  geologists  gave 
rise,  proceeding  in  various  ways  upon  the  effects  of  the  existing  causes 
of  change,  led  men  to  observe,  with  some  attention  and  perseverance, 
the  actual  operation  of  such  causos.  In  this  way,  the  known  effect 
of  the  Ehine,  ia  filling  up  the  Lake  of  Geneva  at  its  upper  extremity, 
was  referred  to  by  De  Luc,  Kirwan,  and  others,  in  their  dispute  with 
the  Huttonians  ;  and  attempts  were  even  made  to  calculate  how  dis- 
tant the  period  was,  when  this  alluvial  deposit  firat  began.  Other 
modem  observers  have  attended  to  simihr  facts  in  the  n'^tural  histor)- 
of  rivers      d  Btthhjtmyb  ddh  fit 

assumed  t   p    p     f  rm  wh      tak        ^  bj  M     "\        H  ff      f     li 
History    f  il     N  t      I  Ch    j      f  th    S    th  f         h   k 

proved  hy  T  id  t       thfiitprttt  fq  hi^        p 

peared  in  18  Tliswkw  dbyP        Qti        i 

theEoyalS      ty   fG  tt  p   mulf,  ted      1818        wh  h  th 

changes  pp      1      tli       bjtfqy-wth       p       If 

ence  to  g    1  g;      Alth    gh  "\       H  ft  d  t    tt     pt  t       t  hi  1 

any  gene    1      1    ti  p      th    f   te  wh  h  his  b    k        t  la     th 

collection    f       hblytlt  Imt  wfttth 

subject,  bysh        gtitig  th       It  tcttld       1 

water  weg  t        yt  llmtt         }jl  d 

that  niTit  b  1  ty       1  fl    taati  thfmfth       llpt      ftl 

earth,  wh   h  Ji  d  b  pp      d  b>         t  j;  t    I  \ 

tion  to  th       nun  rsf         th,w9,fttl  ali 

But  it  w     Mr  L)  11    i*    mpl      f  &eol  gj  bei  g  ttempt  i 

plain  th  f  m  Ch  q  f  Ih  E  t1  S  rf  by  tf 
in  action  (of  which  the  first  volume  was  published  in  1830),  which 
disclosed  the  fiill  eff'eet  of  such  researches  on  geology,  and  ^hich  at 
tempted  to  present  auch  assemblages  of  special  facts,  as  examples  of 
general  laws.  Thus  this  work  may,  as  we  have  &<ud,  bt,  looked  upon 
as  the  beginning  of  Geological  Dynamics,  at  least  among  us  Such 
generalizations  and  applications  as  it  contains  give  the  most  liveh 
Vol.  ir.— 3B. 
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interest  to  a  thousand  observataona  respecting  rivers  and  floods,  moun- 
tains and  morasses,  which  otherwise  appear  wittout  aim  or  meaning  ; 
and  thus  this  department  of  science  cannot  fail  to  be  constantly  aug- 
mented by  contributions  from  every  side.  At  tho  same  time  it  is 
clear,  that  these  contributions,  voluminous  as  they  must  become,  mnst^ 
from  time  to  time,  be  resolved  into  laws  of  greater  and  greater  gene- 
rality ;  and  that  tlius  alone  the  progress  of  this,  as  of  all  other  sciences, 
can  be  furthered. 

I  need  not  attempt  any  detailed  enumeration  of  the  modes  of 
aC[ueous  actioa  which  are  here  to  be  considered.  Some  are  destructive, 
as  wlieu  the  rivers  erode  the  channels  in  which  they  flow ;  or  when 
the  waviM,  by  their  perpetual  assault,  shatter  the  shoves,  and  carry  tJie 
ruins  of  them  into  tlie  abyss  of  the  ocean.  Some  operations  of  the 
water,  on  the  other  hand,  add  to  tJie  land  ;  as  when  deltas  ai-e  formed 
at  the  mouths  of  rivers  or  when  calcareous  springs  fonn  deposits  of 
travertin.  Even  when  bound  in  icy  fetters,  water  is  by  no  means 
deprived  of  its  active  power ;  the  glacier  carries  into  the  valley  masses 
of  its  native  mountain,  and  ofen,  becoming  ice-beigs,  float  with  a 
lading  of  such  materials  fai'  into  the  seas  of  the  temperate  zone.  It 
is  indisputable  that  vast  beds  of  worn  down  fragments  of  the  esjstiug 
land  are  now  forming  into  strata  at  the  bottom  of  the  ocean ;  and  that 
many  other  effects  are  constantly  produced  by  existing  aqueous  causes, 
which  resemble  some,  at  least,  of  the  facts  which  geology  lias  to 
explain. 

[2ad  Ed.]  [Tte  effects  of  glaciers  above  mentioned  are  obvious ; 
but  the  mechanism  of  these  bodies, — the  mechanical  cause  of  their 
motions, — was  an  unsolved  problem  till  within  a  very  few  yeare.  That 
they  slide  as  rigid  masses; — that  tliey  advance  by  tho  expansion  of 
their  mass ; — -that  they  advance  as  a  collection  of  rigid  fragments ; 
were  doctrines  which,  were  held  by  eminent  physicists;  though  a  very 
slight  attention  to  the  subject  shows  these  opinions  to  be  untenable. 
In  Prof«isor  James  Forbes's  theory  on  the  subject  (published  in  his 
Travels  through  the  Alps,  1843,)  we  find  a  solution  of  the  problem,  so 
simple,  and  yet  so  exact,  as  to  produce  the  most  eutu-e  conviction.  In 
this  theory,  the  ice  of  a  glacier  is,  on  a  great  scale,  supposed  to  be  a 
plastic  or  viscous  mass,  though  small  portions  of  it  are  sensibly  rigid. 
It  advances  down  the  slope  of  the  valley  in  whicli  it  lies  as  a  plastic  mass 
would  do,  accommodating  itself  to  the  varying  shape  and  size  of  its 
bed,  and  showing  by  its  crevasses  its  mixed  character  between  fluid  and 
rigid.     It  shows  this  character  still  more  curiously  by  a  nhhoned  strue- 
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tnre  on  a  small  scale,  which  is  eommoii  in  tlie  solid  ice  vi  the  glai'iei 
The  planes  of  these  ribbons  are,  for  the  most  part,  at  ni:;ht  •mgles  to 
the  crevasses,  near  the  sides  of  the  glacier,  while,  near  its  cpntril  line 
they  dip  towards  the  upper  part  of  the  glacier.  This  stmcturt,  appears 
to  arise  from  the  difference  of  velocities  of  contiguous  moviag 
filaments  of  the  icy  mass,  as  the  crevasses  themselves  arise  from  the 
tension  of  larger  portions.  Mr,  Forbes  has,  in  successive  puhlications, 
removed  the  objections  which  have  been  urged  against  this  theory.  In 
the  last  of  them,  a  Memoir  in  the  I'kil.  Tram^  1846,  {IlhistTations 
of  the  Viscous  Theory  of  Glaciei-  Motion,)  he  very  naturally  expresses 
astonishment  at  the  opposition  which  has  been  mode  to  the  theory  on 
the  ground  of  the  rigidity  of  small  pieces  ot  ite  He  has  himsult 
shown,  that  the  ice  of  glaciers  his  a  plastic  flexibility,  ly  marking 
forty-five  points  in  a  trans-verse  stiaight  line  upon  the  Mer  de  (iila(,t, 
and  observing  them  for  several  da^s  TJie  straight  line  m  that  time 
not  only  became  oblique  to  the  side,  hut  also  became  visibly  curved 

Both  Mr,  Forbes  and  other  philosophers  have  made  it  m  the  highest 
degree  probable  that  glaciers  have  existed  in  many  places  In  which 
they  now  exist  no  longer,  and  have  exercised  great  powers  in  trans- 
porting large  blocks  of  roclc,  furrowing  and  pohshing  the  rocks  along 
which  they  slide,  and  leaving  lines  and  masses  of  detritus  or  moraine 
which  they  had  carried  along  with  them  or  pushed  before  them.  It 
cannot  be  doubted  that  extinct  glaciers  have  produced  some  of  the 
effects  which  the  geologist  has  to  endeavor  to  explain.  But  tliis  part 
of  the  machinery  of  nature  has  been  worked  by  some  theorists  into  an 
exE^gerated  form,  in  which  it  cannot,  as  I  conceive,  have  any  place  in 
an  account  of  Geological   Dynamics  which  aims  at  being  perma- 

The  great  problem  of  the  diffusion  of  drift  and  erratic  blocks  from 
their  parent  rocks  to  great  distances,  has  driven  geologists  to  the  con- 
^deration  of  other  hypothetical  machinery  by  which  the  effects  may 
be  accounted  for ;  especially  the  great  northern,  drift  and  boulders, — 
the  rocks  from  the  Scandinavian  chain  which  cover  the  north  of  Europe 
on  a  vast  area,  having  a  length  of  2000  and  breadth  of  from  400  to  800 
miles.  The  diffusion  of  these  blocks  has  been  accounted  for  by  sup- 
posing them  to  be  imbedded  in  icebergs,  detached  from  the  shore,  and 
floated  into  oceanic  spaces,  where  they  have  grounded  and  been  depo- 
sited by  the  melting  of  the  ice.  And  this  mode  of  action  may  to  some 
extent  be  safely  admitted  into  geological  speculation.  For  it  is  a  mat- 
ter of  fact,  that  our  navigators  in  arctic  and  antarctic  r^iona  have 
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repeatedly  seen  icebergs  and  icefloes  sailing  al-jng  laden  with  siioh 
materials. 

The  above  explanation  of  tlie  phenomena  of  diift  snpposea  the  land 
on  which  the  travelled  materials  are  found  to  have  been  the  bottom 
of  a  sea  where  they  wore  deposited.  But  it  docs  not,  even  gi'anting 
the  condition's  account  fir  some  of  tlie  ficta  olti.rved  ■ — that  the  drift 
and  the  boulders  iit  di.po<!ited  m  'tiam^LS  or  strenla,  wbich,  in 
direction,  diverge  fiom  the  parent  rock, — ind  that  the  boulders  are 
of  amallei  and  smallei  size,  as  they  aie  lonnd  moio  lemotc  irom  that 
lentre  These  phenomena  rather  suggest  tlio  notion  of  uii  rents  of 
water  as  the  uiu'.i,  of  the  distiihution  of  tlie  mateinls  into  tlicir 
present  situations  And  though  the  supposition  that  the  ^hole  area 
occujied  by  drift  and  boukkrs  was  a  sear-botttm  when  they  were  scat- 
tered o^er  it  mufli  leduccfe  the  amount  ot  iiolence  which  it  js  neces- 
sary to  i^iune  m  ordei  to  distribute  the  loose  masses,  yet  still  the 
work  appears  to  be  beyond  the  possible  eftect  oi  ordinary  mtrine  cur- 
rente,  oi  any  movemente  which  wotdd  be  occasioned  by  a  slow  and 
gradual  rising  of  tke  centre  of  distribution. 

It  has  been  suggested  that  a  mdden  rise  of  the  centre  of  distribution 
would  cause  a  motion  in  the  surrounding  ocean  sufficient  to  produce 
such  an  effect :  and  in  confirmation  of  this  reference  has  been  made 
to  Mr.  Scott  Eussell's  investigations  witli  respect  to  waves,  already  re- 
ferred to.  (Book  VIII.)  Tiie  wave  in  this  case  would  be  the  laave  of 
translation,  in  whicii  the  motion  of  the  Svater  is  as  great  at  tJie  bottom 
3s  at  the  top ;  and  it  has  hence  been  asserted  that  by  parosysmal  ele- 
vations of  100  or  200  feet,  a  current  of  26  or  30  miles  an  hour  might 
be  accounted  for.  But  I  think  it  has  not  been  sufficiently  noted  that 
at  each  point  this  "  current"  is  ti'ansient :  it  lasts  only  while  the  wave 
is  posing  over  the  point,  and  therefore  it  would  only  either  carry 
a  single  mass  the  whole  way  with  its  own  velocity,  or  move  through 
a  short  distance  a  series  of  ma^es  over  which  it  successiTely  passed. 
It.doM  not  appear,  therefore,  that  we  have  here  a  complete  account 
of  the  transport  of  a  collection  of  materials,  in  which  each  part  is 
transferred  tlirough  gi-eat  distances  : — except,  indeed,  we  were  to  sup- 
pose a  numerous  succession  of  paroxysmal  elevations.  Such  a  battery 
might,  by  successive  shocks,  transmitting  their  force  through  the 
water,  diffuse  the  fragments  of  the  central  mass  over  any  area,  however 
wide. 

The  feet  tliat  t!ie  erratic  blocks  are  found  to  r<st  on  the  loner  drift, 
is  well  explained  by  supposing  the  latter  to  have  been  sproai;!  on  tlui 
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sea  bottom  while  rock-bearing  ice-maBses  floated  on  tbe  surface  till 
they  deposited  their  lading. 

Sir  R.  Murchiaon  has  pointed  out  another  opei'ation  of  ice  in  pro- 
iacing  mounds  of  rocty  masses ;  namely,  the  efFecta  of  rivere  and 
iakes,  in  climates  where,  as  in  Kiissia,  the  watere  carry  rocky  frag- 
ments entangled  in  the  winter  ice,  and  leave  them  in  heaps  at  the 
highest  level  which  the  waters  attain. 

The  extent  to  which  the  effects  of  glaciers,  now  vanished,  are  appa- 
rent in  many  places,  especiaUy  in  Switzerland  and  in  England,  and 
other  phenomena  of  the  like  tendency,  have  led  some  of  the  most 
eminent  geologists  to  the  conviction  that,  anterior  to  the  period  of  onr 
present  temperature,  there  was  a  fflacial  Fm-iod,  at  which  the  tem- 
perature of  Europe  was  lower  than  it  now  is.] 

Although  the  study  of  the  common  operations  of  water  may  give 
the  geologist  such  an  acquaintance  iiththlw  fh  Ij  tas  mav 
much  aid  his  judgment  respecting  th  t  t  to  wh  h  h  effects 
may  proceed,  a  long  course  of  ob         b  I  tl       It     lust  be 

requisite  before  such  operations  can  b  ly  d  to  h  f  kmental 
principles,  and  become  tlio  subjects    tilt  f  n       jus  rea- 

soning in  any  manner  which  is  as  p  d     rta  1  nlation. 

Various  portions  of  Hydiaulirs  have  p    t    t  b  j   n  these 

subjects,  lucludmg  ■lOme  researches  \  h  h  1  b  p  d  with  no 
small  labor  by  engmeers  and  math  m  b  ,       th      ff    t   of  cur- 

rents and  wives,  the  laws  of  tides  and  of  rivers,  and  many  similar 
probleiDs  In  tiath,  however,  such  subjects  have  not  hitherto  been 
treated  by  mathematicians  with  muoh  sm  i  ess ;  and  probably  several 
generations  muit  elapse  before  tlii»  poiti  n  of  geological  dynamics  can 
become  an.  exaet  science 

Sect.  J — lyneoui,  Catfi'^  of  Change — Motions  of  Ihe  Ear tKs 
Su)/aie 

The  effects  of  volcanoes  have  long  been  noted  as  important  and  strik- 
ing features  in  the  physical  history  of  our  globe  ;  and  the  probability 
of  their  connexion  with  many  geological  phenomena,  had  not  scaped 
notice  at  an  early  period.  But  it  was  not  till  more  recent  times,  that 
the  ftJI  import  of  these  phenomena  wsb  apprehended.  The  person 
who  first  looked  at  such  operations  with  that  commanding  general 
view  which  showed  their  extensive  connexion  with  physical  geology, 
was  Alexander  von  Humboldt,  who  explored  the  volcanic  phenomena 
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of  tiie  N"ew  VVorid,  from  1799  to  1804.  Heremaited'  tte  liceai' dis- 
tribution of  volcanic  domes,  cousideriag  them  as  vents  placed  along 
the  edge  of  vast  fissures  communicating  mih  reservoirs  of  igneous 
matter,  and  extending  across  whole  continents.  He  observed,  also,  the 
frequent  sympathy  of  volcanic  and  terremotive  action  in  remote  dis- 
tricts of  the  earth's  surface,  thus  showing  how  deeply  seated  must  be 
the  cause  of  these  convulsions.  These  views  strongly  excited  and 
influenced  the  speculations  of  geologists ;  and  since  then,  plienomena 
of  tbis  kind  have  been  collected  into  a  general  view  as  parts  of  a 
natural-historical  science.  Von  Hoff,  in  the  second  volume  of  tlie 
work  already  mentioned,  was  one  of  the  first  who  did  this  ;  "  At  least," 
he  himself  says,"  (1824,)  "it  was  not  known  to  him  that  any  one 
before  him  had  endeavored  to  combine  so  la^e  a  mass  of  iacts  with 
the  general  ideas  of  the  natural  philosopher,  so  as  to  form  a  whole." 
Other  attempts  were,  however,  soon  made.  In  1825,  M.  vonTJngDrn- 
Stemberg  published  his  book  On  the  Nature  and  Origin  of  Volca- 
noes,'  in  which,  he  says,  his  object  is,  to  give  an  empirical  representa- 
tion of  these  phenomena.  In  the  same  year,  Mr.  Poulett  Sovope  pub- 
lished a  work  in  which  he  described  the  tnown  feets  of  volcanic 
action;  not,  however,  confining  himself  to  desci-iption ;  his  purpose 
being,  aa  his  tatle  states,  to  consider  "  the  probable  causes  of  their 
phenomena,  the  laws  which  determine  their  march,  the  disposition  of 
their  products,  and  their  connexion  with  the  present  state  and  past 
history  of  the  globe  ;  leading  to  the  establishment  of  a  new  theory  of 
the  earth."  And  in  1826,  Dr.  Daubeny,  of  Oxford,  produced  A  De- 
scription of  Active  and  Extinct  Volcanoes,  including  in  the  latter  phrase 
the  volcanic  rocks  of  central  France,  of  the  Ehine,  of  northern  and 
central  Italy,  and  many  other  countries.  Indeed,  the  near  connexion 
between  the  volcanic  effects  now  going  on,  and  those  by  which  the 
basaltic  rocks  of  Auvergne  and  many  other  places  had  been  produced, 
was,  by  this  time,  no  longer  doubted  by  any ;  and  therefore  the  line 
which  here  separates  the  study  of  existing  causes  from  that  of  past 
effects  may  seem  to  melt  away.  But  yet  it  is  manifest  that  the  assump- 
tion of  an  identity  of  scale  and  mechanism  between  volcanoes  now 
active,  and  the  igneous  catastrophes  of  which  the  products  have  sur- 


'  Humboldt,  i2e?H(Jon,  ffisioi-igue;  and  his  other  works. 

=  Vol.  a.  Prop.  6. 

'  Werden  und  Setpi  des  V-atkantschen  Gehirges.     Carlsrulie,  1 
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vived  groat  revolutions  on  tie  earth's  surface,  is  hypothetical ;  and  all 
which  depends  on  &k  assumption  helongs  to  theoi-etical  geology. 

Confining  ourselves,  then,  to  volcanic  effects,  which  have  been  pro- 
duced, certainly  or  probably,  since  the  earth's  surface  assumed  its  pre- 
sent form,  wo  have  still  an  ample  exhibition  of  powerful  causes  of 
change,  in  the  streams  of  lava  and  other  materials  ojuitted  in  emptions ; 
and  still  more  in  tlie  earthquakes  which,  as  men  easily  satisfied  them- 
selves, are  produced  by  the  same  causes  as  the  eruptions  of  volcanic  fire. 

Mr.  Lyell's  work  was  important  in  this  as  in  other  portions  of  this 
subject.  He  extended  the  conceptions  previously  entertained  of  the 
effects  which  such  causes  may  produce,  not  only  by  showing  how 
great  these  operations  ai-e  historically  known  to  have  been,  and  how 
constantly  they  are  going  on,  if  we  take  into  our  survey  the  whole 
surface  of  the  earth ;  hut  stOl  more,  by  urging  the  consequences  which 
would  f  11  w  n  1  ng  ourse  of  time  from  tlie  constant  repetition  of 
operation  n  tl  m  1  es  of  no  extraordinary  amoimt.  A  lava-sti-eam 
many  m  1  1  and  de,  and  several  ym-ds  deep,  a  subsidence  or 
elevation  f  p  t  on  of  the  earth's  surfece  of  a  few  feet,  are  by  no 
meaajs  xt  ao  J  nary  facts.  Let  these  operations,  said  Mr.  Lyell,  he 
repeated  th  man  1  of  tunes  ;  and  we  have  results  of  the  same  order 
with  tlie  changes  which  geology  discloses. 

The  most  mitigated  earthquakes  have,  however,  a  character  of  vio- 
lence. But  it  has  been  thought  by  many  philosophers  that  there  is 
evidence  of  a  change  of  level  of  th    1    d  h  f  tl  es 

violent  operations  are  going  on.    Tl  t      1  h    t  1    t  th  es 

is  Sweden  ;  the  whole  of  the  land  fmftteb       totli         thf 
the  Qulf  of  Bothnia  has  been  snpj      d        th        t    f         S     ^     'j 
and  insensibly,  from  the  surroundi  g       trsThpm        f       h 
change  of  level  has  long  been  the  b  1   f    t  tl        1   b  t    t  d 

maintained  by  Celsius  in  the  beginning  of  the  eighteenth  century.  It 
has  since  been  conceived  to  be  confiimed  by  various  observations  of 
marks  cut  on  the  face  of  the  rock ;  beds  of  shells,  such  as  now  live 
in  the  neighboring  seas,  raised  to  a  considerable  heiglit ;  and  other 
indications.  Some  of  these  proofe  appear  doubtful ;  but  Mr.  Lyell, 
after  examining  the  fects  upon  the  spot  in  1834,  says,  "In  regard  to 
the  propcffiition  that  the  land,  in  certain  parts  of  Sweden,  is  gradually 
rising,  I  have  no  hesitation  in  a^enting  to  it,  after  my  visit  to  the  dis- 
tricts above  alluded  to."*     If  this  conclusion  be  generally  accepted  by 

*  Phil.  Tram.  I8S5,  p.  32. 
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geologists,  we  liave  liore  a  daily  example  of  tlio  opcvation  of  some 
powerful  agent  wliich  belongs  to  geological  dynamics ;  and  which,  for 
the  purposes  of  the  geological  theorist,  docs  the  woi'lc  of  tlie  earth- 
quake upon  a  very  large  scale,  without  assuming  its  terroi'S. 

[2nd  Ed.]  [Examples  of  changes  of  level  of  large  districts  occTimng 
at  periods  wheii  the  country  has  been  agitated  by  earthquakes  are 
well  ascertained,  &s  the  rising  of  the  coast  of  Chili  in  1822,  and  the 
subsidence  of  the  district  of  Cntch,  in  the  delta  of  the  Indus,  in  1819. 
(Lyell,  B.  ii,  e.  xv.)  B  t  the  cases  uf  more  slow  and  tranquil  move- 
ment seem  also  to  lo  stabl  he!  The  gradual  secular  rise  of  the 
t-hore  of  the  Baltic  ment  o  ed  n  the  text,  has  been  confirmed  by 
subsequent  investi^ato  It  appears  that  the  rate  of  elevation  in- 
creases from  Stockbol  n  vhe  e  t  s  only  a  few  inches  in  a  centuiy,  to 
the  Noith  Cape,  whe  etas  c  -al  feet.  It  appears  also  that  several 
other  regions  are  in  a  like  state  of  secnlar  change.  The  coast  of 
Greenland  is  sinking.  (Lyell,  B.  ii.  c.  xviii.)  And  the  existence  of 
"raised  beaches"  along  various  coasts  is  now  generally  accepted 
among  geologists.  Sach  beaches,  anciently  forming  the  margin  of  the 
sea,  but  now  far  above  it,  exist  in  many  places  ;  for  instance,  along  a 
great  part  of  the  Scotch  coast ;  and  among  the  raised  beaches  of  that 
country  we  ought  probably,  with  Mr.  Darwin,  to  includ  ti  p  all  1 
roads  "  of  Glenroy,  the  subject,  in  former  days,  of  so  mu  h       t  y 

among  geologists  and  antiquaries. 

Connected  with  the  secidar  rise  and  fell  of  large  p    t    is    f  th 
earth's  surface,  another  agency  which  plays   an  imp   ■t    t  jart    n 
Geological  dynamics  has  been  the  subject  of  some  bold  j  t       cmla 
ly  persuasive  speculations  by  Mr.  Dai-win.     I  speali  of  th    f    m  t 
of  Coral,  and  Coral  Eeeft.      He  says  that  the  coral-bu  Id    g    mm  1 
works  only  at  small  and  definite  distances  below  the  s   f  H  w 

then  are  we  to  account  for  the  vast  number  of  coral  islands,  rings,  and 
reefs,  which  ai«  scattered  over  the  Pacific  and  Indian  Oceans  !  Can 
we  suppose  that  there  are  so  many  mountains,  craters,  aJid  ridges,  all 
exactly  within  a  few  feet  of  the  same  height  through  this  vast  portion 
of  the  globe's  surface  ?  This  is  incredible  How  then  are  we  to 
explain  the  faets  ?  Mr,  Davwin  replies  tliat  if  we  suppose  the  land  to 
subside  slowly  beneath  the  "iea,  -md  at  the  same  time  suppose  the 
coralline  zoophytes  to  go  on  buildmg,  so  that  their  stractuie  constantly 
rises  nearly  to  the  suiface  of  the  watei,  we  shall  have  the  facts  e\- 
plained.  A  submerged  island  will  pioduce  a  ring;  a  long  coast,  a 
barrier  roof;  and  so  on.     Mr  D  iiwm  \lso  n  tcs  other  pheii 
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elevated  beds  of  coral,  which,  oceuiTiiig  in  otlicr  places,  indicate  a 
recent  rising  of  the  land ;  and  on  such  grounds  as  these  he  divides 
tlie  auT&ce  of  those  parts  of  the  ocean  into  regions  of  elevation  and 
of  depression. 

The  labors  of  coralline  zoophytes,  as  thus  observed,  form  masses  oF 
coral,  such  as  ai'e  found  fossilized  in  tlie  strata  of  the  eai'tli.  But  our 
knowledge  of  the  laws  of  life  which  have  probably  affected  the  distri- 
bution of  marine  remains  in  strata,  has  received  other  very  striking 
accessions  by  the  labors  of  Pi-of.  Edward  Forbes  in  observing  the 
iuarine  animals  of  the  jS^ean  Sea.  He  found  that,,  even  in  their 
living  state,  the  molluska  and  zoophytes  are  already  distributed  into 
strata.  Dividing  the  depth  into  eight  regions,  from  3  to  230  fathoms, 
he  found  that  each  region  had  its  peculiar  inhabitants,  -which  disap- 
peared speedily  either  in  ascending  or  in  descending.  The  zero 
of  animal  life  appeared  to  occur  at  about  300  fathoms.  This  curious 
result  bears  in  various  ways  upon  geology.  Mr.  Forbes  himseK  has 
given  an  example  of  the  mode  in  which  it  may  be  applied,  by  deter- 
mining the  depth  at  which  the  submarine  eruption  took  place  which 
produced  the  volcanic  isle  of  Neokaimeni  in  1Y07.  By  an  examina- 
tion of  the  fossils  embedded  iu  the  pumice,  he  showed  that  it  came 
from  the  fourth  region.' 

To  the  modes  in  which  organiaed  beings  operate  in  pi-oducing  the 
matei'ials  of  the  earth,  we  must  add  those  pointed  out  by  the  extra- 
ordinary microscopic  discoveries  of  Professor  Ehrenbeig.  It  appeai-s 
that  whole  beds  of  earthy  matter  consist  of  the  cases  of  certain  infu- 
soria, the  remains  of  these  creatures  being  accumulated  in  numbers 
which  it  confounds  our  thoughts  to  contemplate.] 

Speculations  concerning  the  causes  of  volcanoes  and  earthquakes, 
and  of  the  rising  and  sinking  of  land,  are  a  highly  important  portion 
fif  this  science,  at  le^t  as  far  as  the  calculation,  of  the  possible  results 
of  definite  causes  is  concerned.  But  the  various  hypotheses  which 
have  been  propounded  on  this  subject  can  hai-dly  be  considered  as 
sufficiently  matured  for  such  calculation.  A  mass  of  matter  in  a  state 
of  igneous  ftision,  extending  to  the  centre  of  the  earth,  even  if  we 
make  such  an  hypothesis,  requires  some  additional  cause  to  produce 
eruption.  The  supposition  that. this  fire  may  be  produced  hy  intense 
chemical  action  between  combining  elements,  requires  further,  not  only 
some  agency  to  bring  together  such  elements,  hut  some  reason  why 

"  Sntisi  Asaae.  lieports,  1843,  p.  177. 
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tl  ej  si  oulil  I  11      e[  1  ate     A    1    t  inj   otl  er     a         1 

lieeu  s  g;,esteJ    as  electr  c  ty        magn  t  siu    th  s  Ii  a  be  n.  do  e 
vaguely  as  to  elude  aE  jo^^blty  of     gOiona  delueton  from  tho 
iiypot3ies  a     The  doct     e  ut  a  Centril  Ileit  loe        haocj     1 
so  cons de  able  a  place       theoretical  ^  oIotj   tl    t    t        It       1    bt 
edly  to  fo  m  •*    irt  cle  n  geolog  cal  dynai    cs 

kect.  4. — The  Doctrim  of  Genital  Meat. 

The  early  geological  theorists  who,  lite  Leibiiita  and  Bnffou,  a'-'-iimeil 
that  the  earth  was  originally  a  mass  in  a  state  of  igneous  fusion,  natu- 
rally went  on  to  deduce  from  this  hypothesis,  that  tlio  cru'^t  consoli- 
dated and  cooled  before  the  interior,  and  that  there  might  ttill  remain 
a  central  heat,  capable  of  producing  many  important  effetts.  But  it 
is  in  more  recent  times  that  we  liave  measures  of  such  effects,  and  cal- 
culations which  we  can  compare  with  measures.  It  was  found,  as  we 
have  said,  that  in  descending  below  the  surface  of  the  earth,  the  tem- 
perature of  its  materials  increased.  Now  it  followed  from  Fourier's 
mathematical  investigations  of  the  distribution  of  lieat  in  the  earth, 
that  if  there  be  no  primitive  heat  (chaleur  (Toriffine),  the  temperature, 
when  we  descend  below  the  crnst,  will  be  constant  in  each  vertical 
hne.  Hence  an  observed  increase  of  temperature  in  descending, 
appeared  to  pojnt  out  a  central  heat  resulting  from  some  cause  now  no 
longer  in  action. 

The  doctrine  of  a  central  heat  has  usually  been  combined  with  the 
supposition  of  a  central  igneous  fluidity ;  for  the  heat  in  tho  neighbor- 
hood of  tho  centre  must  be  very  intense,  according  to  any  law  of  its 
increase  in  descending  which  is  consistent  with  known  principle.  But 
to  this  central  fluidity  it  has  been  objected  that  such  a  fluid  must  be  in 
constant  circulation  by  tlie  cooling  of  its  exterior.  Mr.  Daniell  found 
this  to  be  the  case  in  all  fused  metals.  It  has  also  been  objected  that 
there  must  be,  in  such  a  central  fluid,  tides  produced  by  the  moon  and 
ann ;  but  this  inference  would  require  several  additional  suppositions 
and  calculations  to  give  it  a  precise  form. 

Again,  the  suppMition  of  a  central  heat  of  tho  earth,  considered  as 
the  effect  of  a  more  ancieut  state  of  its  mass,  appeared  to  indicate  that 
its  cooling  must  still  be  going  on,  Bot  if  this  were  so,  the  eai'th  might 
contract,  as  most  bodies  do  when  they  coo? ;  and  this  contractiou  inigbt 
lead  to  mechanical  results,  as  the  shortening  of  tho  day.  Laplace  satis- 
fied himself,  by  reference  to  ancient  astronomical  records,  that  no  such 
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alteration  in  the  length  of  the  day  had  tateti  place,  even  to  the  amount 
of  one  two-hundredth  of  a  second ;  and  thus,  there  was  here  no  con- 
firmation of  the  hypothesis  of  a  primitive  heat  of  the  earth. 

Though  we  And  no  evidence  of  the  secular  contraction  of  the  earth 
in  the  ohservations  witli  which  astronomy  deals,  there  are  some  geolo- 
gical facts  which  at  first  appear  to  point  to  the  reality  of  a  refrigeration 
within  geological  periods ;  as  the  esistence  of  the  remains  of  plants 
and  shells  of  tropical  climates,  in  the  strata  of  countries  which  are  now 
near  to  or  within  the  ftigid  zones.  These  lacts,  however,  have  given 
rise  to  theories  of  the  clianges  of  climate,  which  we  mnat  consider 


But  we  may  notice,  as  connected  with  the  doctrine  of  central  heat, 
the  manner  in  which  this  hypothesis  has  heon  applied  to  explain  vol- 
canic and  geological  phenomena.  It  does  not  enter  into  my  plan,  to 
consider  explanations  in  whidi  this  central  heat  is  supposed  to  g^vo 
rise  to  an  expansive  force,'  without  any  distinct  reference  to  known 
physical  laws.  But  we  may  notice,  as  more  likely  to  become  nseful 
matei-ials  of  the  science  now  before  us,  such  speculations  as  tliose  of 
Mr.  Babbage ;  in  which  ho  combines  the  doctrine  of  centi'al  heat  with 
other  physical  laws ;'  as,  that  solid  i-ocks  expand  by  being  heated,  but 
that  clay  contracts ;  that  different  roots  and  strata  conduct  heat  differ- 
ently ;  tliat  the  earth  radiales  heat  differently,  or  at  different  parts  of 
its  surface,  according  as  it  is  covered  with  forests,  with  mountains,  with 
deserts,  or  with  water.  These  principles,  applied  to  large  masses,  such 
as  those  which  constitute  the  crust  of  the  earth,  might  give  rise  to 
changes  as  great  as  any  which  geology  discloses.  For  example  :  when 
the  bed  of  a  sea  is  covered  by  a  thick  deposit  of  new  matter  worn 
from  the  shores,  the  strata  below  tlie  bed,  being  protected  by  a  bad 
conductor  of  heat,  will  be  heated,  and,  beingheated,  maybe  expanded; 
or,  as  Sir  J.  Herschel  has  observed,  may  produce  expl<aion  fay  the  con- 
version of  their  moisture  into  steam.  Such  speculations,  when  founded 
on  real  data  and  sound  calculations,  may  hei-eafter  be  of  material  use 


The  doctiine  of  central  heat  and  fluidity  has  been  rejected  b 
eminent  philosophers.      Mr.  Lyell's  reasons  for  this  rejection 


"  Serope  On  Volcanoes,  p.  192. 

'  On  the  Tftnple  of  Serapis,  18S4.  Sea  also  Journal  of  the  Royal  Inst,  vo 
IL,  quoted  in  Conyb.  and  Ph.  p.  xv.  Lyell,  B.  ii  c.  xii-,  p.  S83,  (4th  ed.)  o 
Expansiou  of  Stone. 


rdb,  Google 


556  HISTOEY  OF   GEOLOGY. 

rather  to  Theoretical  Geology ;  but  I  may  here  notice  M.  Poissons' 
opinioii.  Ho  does  not  assent  to  the  conclusion  of  Fourier,  that  since 
the  temperature  increases  in  descending,  there  must  be  some  primitive 
central  teat.  On  the  contrary,  he  considera  that  such  an  increase  may 
arise  from,  this ; — that  the  eartli,  at  some  former  penod,  passed  (by  the 
motion  of  the  solar  Bjsteni  ia  the  universe,)  though  a  portion  of  apace 
which  was  wanner  than  the  space  in  wliich  it  now  revolves  (by  rear 
son,  it  may  be,  of  the  lieat  of  other  stars  to  whici  it  was  then  nearer). 
He  supposes  that,  since  such  a  period,  the  surface  has  cooled  down  by 
the  influence  of  the  surrounding  circumstances ;  while  the  intedor,  for 
a  certain  unknown  depth,  retains  the  trace  of  the  former  eleyation  of 
temperature.  But  this  assumption  is  not  likely  to  expel  the  belief  in 
the  terrestrial  origin  of  the  subtorraueous  heat.  For  the  supposition 
of  such  au  inequality  in  the  temperature  of  the  different  regions  in 
which  tlie  solar  system  is  placed  at  different  times,  is  altogether  arbi- 
trary ;  and,  if  pushed  to  the  amount  to  which  it  must  be  carried,  in 
order  to  account  for  tlie  phenomenon,  is  highly  improbable.'  The 
doctrine  of  central  heat,  on  the  other  hand,  (which  need  not  be  cou- 
oeived  as  implying  the  universal  fluidity  of  the  mass,)  is  not  only 
naturally  suggested  by  the  subterraneous  increase  of  temperatures,  but 
explains  the  spheroidal  figure  of  the  earth ;  and  falls  in  with  almost 
any  theory  which  can  be  devised,  of  volcanoes,  earthquakes,  and  great 


Sect.  5. — Problems  le'ipeettihrj  Uleuation'i  and  Grystalliiie  Forces. 

Othbr  problems  respettmg  the  force!  by  which  great  masses  of  the 
earth's  crust  have  been  disjliccd,  ha^e  also  been  solved  by  various 
mathematicians.  It  has  been  mamtaincd  by  Von  Buch  that  there 
occur,  in  vaiious  places,  craters  of  elevaiion  ;  that  is,  mountain-masses 
resembling  the  cratera  of  volcanoes,  but  really  produced  by  an  expan- 
sive force  from  below,  bursting  an  aperture  through  horizontal  strata, 

'  For  tliis  hypothesis  would  maka  it  aeees.=avy  to  suppose  that  the  earth  has, 
at  soma  former  period,  derived  from  some  otlier  star  or  stars  more  heat  thau 
she  now  doiives  from  tlie  sun.  But  this  would  imply,  aa  highly  probahla,  that 
at  some  period  some  other  star  or  stars  must  have  produced  also  a  ■mechanical 
effect  upon  the  solar  system,  greater  than  the  effect  of  the  snn.  Now  such  a 
pnst  operation  of  forces,  fitted  to  ohliterate  all  Ol-der  and  symmetiy,  is  quite 
ineoQsisient  with  the  simple,  regular,  and  symmetrieal  relation  which  tlie  whole 
BOlar  system,  as  &r  as  Uronus,  bears  to  the  pi-eaent  central  body. 
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and  elevating  them  in  a  conical  form.  Against  this  doctrine,  as  exem- 
plified itt  the  most  noted  instances,  strong  ailments  have  been  adduced 
by  other  geologists.  Yet  the  protrnsion  of  ftised  rock  by  subten'ane- 
ous  forces  upon  a  large  scale  is  not  denied  :  and  how  far  the  examples 
of  such  operations  may,  in  any  cases,  bo  teimed  craters  of  e 
must  be  considered  as  a  question  not  yet  decided.  On  the  si 
of  the  ti'uth  of  Von  Euch's  doctrine,  M.  do  Beaumont  has  oalculat-ed 
the  relations  of  position,  the  fissures,  &c.,  which  would  arise.  And 
Mr.  Hopkins,"  of  Cambridge,  has  investigated  in  a  much  more  general 
manner,  upon  mechanical  principles,  the  laws  of  the  elevations,  fissures, 
fanlts,  veins,  and  other  phenomena  which  would  result  from  an  eleva- 
tory  force,  acting  simultaneously  at  every  point  beneatli  extensive  por- 
tions of  the  crust  of  the  earth.  An  application  of  mathematical  rea- 
soning to  the  illnstration  of  the  phenomena  of  veins  had  before  been 
made  in  Gennany  by  Schmidt  and  Zimmerman."  The  conclusion 
which  Mr.  Hopkins  has  obtained,  respecting  tlie  two  sets  of  figures,  at 
right  angles  to  each  other,  which  would  in  general  bo  produced  by 
such  forces  as  he  supposes,  may  surest  interesting  points  of  examina- 
tion respecting  the  geological  phenomena  of  Assured  districts. 

[2nd  Ed.]  [The  theory  of  craters  of  elevation  probably  errs  rathei' 
by  making  the  elevation  of  a  point  into  a  particular  class  of  volcanic 
agency,  than  by  giving  volcanic  agency  too  great  a  power  of  elevation. 

A  mature  consideration  of  the  subject  will  make  us  hesitate  to 
ascribe  much  value  to  the  labors  of  those  writers  who  have  applied 
mathematical  reasoning  to  geological  questions.  Such  reasoning,  when 
it  is  carried  to  the  extent  which  requires  symbolical  processes,  has 
always  fooen,  I  conceive,  a  source,  not  of  knowledge,  but  of  eiTor,  and 
confubion  ;  for  in  such  applications  the  real  questions  are  slniTed  over 
in  the  hypothetical  assumptions  of  the  mathematician,  while  the  calcu- 
lation misleads  its  followei-s  by  a  false  aspect  of  demonstration.  All 
symbolical  reasonings  concerning  the  fissures  of  a  semi-rigid  mass  pro- 
duced by  elevatory  or  other  forces,  appear  to  me  to  have  timied  out 
valueless.  At  the  same  time  it  cannot  be  too  strongly  borne  in  mmd, 
that  mathematical  and  mechanical  habits  of  thought  are  requisite  to 
all  clear  thinking  on  such  subjects.] 

Other  forces,  still  more  secure  in  their  nature  and  laws,  have  played 
a  very  important  part  in  the  formation  of  the  eai-tli'a  crust.  I  speak 
of  the  forces  by  which  the  crystalline,  slaty,  and  jointed  structure  of 

'  Tram.  Ganib,  Phil..  Soc.  vol  vi.  ISBG,         '"  Phi!.  Mag.  July,  1836,  p.  2. 


d  by  Google 


558  HISTOKY   OF  GEOLOGY. 

mineral  masses  lias  been  produced.  These  foiccs  are  probably  identi- 
cal, on  tlie  one  liand,  witb  tlio  cohesive  forces  from  which  rocks  derive 
tKeir  solidity  and  their  physical  properties ;  while,  on  the  other  hand, 
they  arc  closely  connected  witli  the  forces  of  chemical  attraction.  No 
attempts,  of  any  lucid  and  hopefiil  Mud,  have  yet  been  made  to  bring 
such  forces  imder  definite  mechanical  conceptions  ;  and  perhaps  mine- 
ralogy, to  whicJi  science,  aa  the  point  of  junction  of  chemistry  and 
crystallographj',  such  attempts  would  belong,  is  hardly  yet  ripe  for  snch 
speculations.  But  when  we  loot  at  the  universal  prevalence  of  crystal- 
line fomw  aud  cleavages,  at  the  extent  of  tiie  phenomena  of  slaty 
cleavage,  and  at  lie  seg^-egation  of  special  minerals  into  veins  and 
nodalea,  which,  has  taten  place  in  some  unknown  maimer,  we  cannot 
doubt  that  the  forces  of  which  we  aow  speak  have  acted  very  widely 
and  energetically.  Any  elucidation  of  their  nature  would  be  an  im- 
portant step  in  Geological  Dynamics. 

[2nd  Ed.]  [A  point  of  Geological  Dynamics  of  great  importance 
is,  tlie  change  which  rocks  nndci^  in  structure  after  they  are 
deposited,  either  by  the  action  of  subterraneous  heat,  or  by  tbo  influ- 
ence of  crystalline  or  other  corpuscnlar  forces.  By  such  agencies, 
sedimentary  rocks  may  be  converted  into  crystalline,  the  traces  of 
organic  fossils  may  be  obliterated,  a  slaty  cleavage  may  be  produced, 
and  other  like  etfects.  The  possibility  of  snch  changes  was  urged  by 
Dr.  Hutton  in  his  Theory ;  and  Sir  James  Hall's  very  instructive  and 
striking  experiments  were  made  for  the  purpose  of  illustrating  this 
theory.  In  these  experiments,  powdered  chalk  was,  by  the  application 
of  heat  under  pressure,  converted  into  crystalline  calcspar.  Afterwards 
Dr.  McCulloch's  labors  had  an  important  influence  in  satisfying 
geologisfa  of  the  reality  of  corresponding  changes  in  nature.  Dr. 
McCulloch,  by  his  very  lively  and  copious  descriptions  of  volcanic 
regions,  by  his  representations  of  them,  by  tis  classification  of  igneous 
rocks,  and  his  comprehensive  views  of  the  phenomena  which  they 
exhibit,  probably  was  the  means  of  converting  many  geologists  from 
the  "Wemerian  opinions. 

Eocks  which  have  undeigone  changes  since  they  were  deposited  are 
termed  by  Mr.  Lyell  metammylih.  The  great  extent  of  metamorphic 
rock  changed  hy  heat  is  now  uncontested.  The  internal  changes  which 
are  produced  by  the  crystalline  forces  of  mountain  masses  have  been 
the  subjects  of  importa,nt  and  comprehensive  speculations  by  Professor 
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Sect.  6. — Theories  of  Clianges  of  Climate. 

As  we  liiivo  already  stated,  Geology  offera  to  us  strong  evidence  that 
the  climate  of  the  ancient  periods  of  the  eaith's  history  was  hotter  than 
that  which  now  exists  in  the  same  eountries.  This,  and  other  circmn- 
stances,  have  led  geologists  to  the  investigation  of  tlie  effects  of  any 
hypothetical  causes  of  such  changes  of  condition  in  respeet  of  heat. 

The  lovo  of  the  contemplation  of  geometrical  symmetry,  as  well  as 
other  reasons,  suggested  tlio  hypothesis  that  the  eartli's  axis  had  ori- 
ginally no  obliquity,  hut  was  peipendicular  to  the  equator.  Such  a 
construction  of  the  world  had  been  thought  of  before  the  time  of  Mil- 
ton," as  what  might  be  supposed  to  have  existed  when  man  was  ex- 
pelled from  Paradise ;  and  Burnet,  in  his  Saa-ed  Theory  of  the  Eavth 
(1690),  adopted  tliis  notion  of  the  paradisiacal  condition  of  the  globe  : 

The  spring 
Perpetual  smiled  on  earth  with  -veritiint  flowers, 
Equal  in  days  and  nights. 

In  modern  times,  too,  some  persons  have  been  disposed  to  adopt 
this  hypothesis,  because  they  have  conceived  that  the  present  polar 
distribution  of  light  is  inconsistent  with  the  production  of  the  f<wsil 
plants  which  are  found  in  those  regions,'''  even  if  wo  eould,  in  some 
other  way,  account  for  the  change  of  temperature.  But  this  alteration 
in  the  axes  of  a  revolution  could  not  take  place  withont  a  subversion  of 
the  equilibrium  of  the  surface,  such  as  does  not  appear  to  have  occun'ed; 
and  the  change  has  of  late  been  generally  cleclaretl  hnpossible  by  phy- 
sical astronomers. 

The  effects  of  other  astronomical  changes  have  been  calculated  by 
Sir  John  Herschel.  He  has  examined,  for  instance,  the  thermotical 
consequences  of  the  diminution  of  the  eocentidoity  of  the  earth's  orbit, 
which  lias  been  going  on  for  ages  beyond  the  records  of  history.  He 
finds"  that,  on  this  account,  the  annual  effect  of  solar  radiation  wonid 
increase  as  we  go  back  to  remoter  periods  of  the  past;  but  (probably 
at  least)  not  in  a  degree  sufficient  to  account  for  the  apparent  past 

■'  Soma  said  he  bade  his  angelB  turn  astiuice 
The  polea  of  earth  twice  ten  degrees  and  more 
From  the  son's  axle,  rSrc. — Paradise  Lost,  x.  211. 
^'  Lyell,  i.  155.    Lin<l!cy,  FosHl  Flora.  "  Gleol.  Trans,  vol.  iii,  p.  285. 
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changes  oC  climate,  lie.  finds,  howcvcv,  tlaaL  tlioiigli  the  uffii.jt  ->t 
tliis  change  on  tlie  mean  temperature  of  the  year  may  ho  small,  iiii- 
effect  on  the  extreme  temperature  of  tlie  seasons  will  bo  much  more 
considerable;  "so  as  to  produce  alternately,  in  tlie  same  latitude  of 
either  hemisphere,  a  perpetual  spring,  or  the  extreme  vicissitudes  of  n 
bnrning  snmmer  and  a  rigorous  ■winter.'"' 

Mr,  Lyell  has  traced  the  consequences  of  another  hypothesis  on  this 
subject^  which  appears  at  first  sight  to  promise  no  yery  sti-iting  results, 
but  which  yet  is  found,  upon  exarnination,  to  involve  adcqoate  causes  of 
very  great  changes  :  I  refer  to  the  supposed  various  distribution  of 
land  and  water  at  different  periods  of  the  earth's  history.  If  the  land 
were  all  gathered  into  the  neighborhood  of  the  poles,  it  would  become 
the  seat  of  constant  ice  and  snow,  and  would  thus  veiy  greatly  reduce 
the  temperature  of  the  whole  surfece  of  the  globe.  If,  on  the  other 
hand,  the  polar  regions  were  principally  water,  while  tlie  tropics  were 
occupied  with  a  belt  of  land,  there  would  be  no  part  of  tiro  earth's  sur- 
face on  which  the  frost  could  fasten  a  firm  hold,  while  the  torrid  zone 
would  act  like  a  furnace  to  heat  the  whole.  And,  supposing  a  cycle 
of  terrestrial  changes  in  which  th^e  conditions  should  succeed  each 
other,  the  winter  and  smnmor  of  this  "great  year"  might  differ 
much  more  than  the  elevated  temperature  which  we  are  led  to  ascribe 
to  former  periods  of  the  globe,  can  be  judged  to  have  differed  from  thi; 
present  state  of  things. 

The  ingenuity  and  plausibility  of  this  theory  cannot  be  doubted :  and 
perhaps  its  results  may  hereafter  be  found  not  quite  out  of  the  resich 
of  calculation.  Some  progress  has  already  been  made  in  calculating 
the  movement  of  heat  into,  through,  and  out  of  the  earth ;  but  when 
we  add  to  this  the  effects  of  the  currents  of  the  ocean  and  the  atmo- 
sphere, the  problem,  thiis  involving  so  many  thermotical  and  atinologi- 
cal  laws,  operating  under  complex  conditions,  is  undoubtedly  one  of 
extreme  difiicultr.  Still,  it  is  something,  in  this  as  in  all  cases,  to 
have  the  problem  even  stated ;  and  none  of  the  elements  of  the  solu- 
tion appears  to  be  of  such  a  nature  that  we  need  allow  ourselves  to 
yield  t«  despair,  respecting  the  possibility  of  dealing  with  it  in  a  use- 
ful manner,  as  our  knowledge  becomes  more  complete  and  definite. 

"  Geol.  Ttam.  vol.  iii.  p.  298. 
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Sect.  1. — Objects  of  this  Science. 

PERHAPS  in  extending  the  term  Geological  Dynamics  to  tlie  causes 
of  changes  in  oi^anized  lieinga,  I  ahall  be  thought  to  he  employiiii;; 
a  forced  and  inconvenieat  phraseology.  But  it  will  he  found  that,  in 
order  to  treat  geology  in  &  truly  scientific  manner,  we  must  bring  toge- 
ther all  the  classes  of  speculations  concerning  known  causes  of  change; 
and  the  Oi^anie  Dynamics  of  Geology,  or  of  Geography,  if  the  readev 
prefei-s  the  word,  appears  not  an  inappropriate  phrase  for  one  part  oi' 
this  body  of  researches. 

As  has  already  been  said,  the  species  of  plants  and  animals  which 
are  found  embedded  in  the  strata  of  tlie  earth,  are  not  only  different 
ii-om  those  ivhich  now  live  in  the  same  regions,  but,  for  the  most  part, 
diflerent  from  any  now  existing  on  the  face  of  the  earth.  The  remains 
which  we  discover  imply  a  past  state  of  things  different  from  that 
which  now  prevails ;  they  imply  also  that  the  whole  organic  creation 
has  been  renewed,  and  that  this  renewal  has  taken  place  several  times. 
Such  extraordinary  general  facts  have  naturally  put  in  activity  very 
bold  speculations. 

But  it  has  already  been  said,  we  cannot  speculate  upon  such  facta  in 
the  past  history  of  tlie  globe,  without  taking  a  large  survey  of  its  pre- 
sent condition.  Does  the  present  animal  and  vegetable  population 
difier  from  the  past,  in  the  same  way  in  which  the  products  of  one 
region  of  the  existing  earth  differ  from  those  of  another  ?  Can  the 
creation  and  diffusion  of  the  fossil  species  be  explained  in  the  same 
manner  as  the  creation  and  diffusion  of  the  creatures  among  which  we 
live?  And  these  questions  lead  ua  onwards  another  step,  to  ask, — 
"What  are  the  laws  by  which  the  plants  and  animals  of  different  parts 
of  the  earth  differ  ?  What  was  the  manner  in  which  they  were  orig-i- 
nally  diffused? — Thus  we  have  to  include,  as  portions  of  our  subject, 
Toi.  ir.— 86. 
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the  Geography  of  Plants,  and  of  Animals,  aiid  t!ie  Histary  of  their 
change  and  dtffttnon ;  inteuding  by  tLe  latter  subject,  of  course, 
palcetiological  History,— the  exammation  of  the  causes  of  wiat  has 
occurred,  and  tha  inference  of  past  events,  from  what  wo  know  of 
causes. 

It  is  unnecessary  for  me  to  give  at  any  lengtli  a  statement  of  the 
problems  whicli  are  inchided  in  these  branches  of  science,  or  of  the 
progrees  which  has  been  made  ia  tliem ;  since  Mr.  Lyell,  in  his  Piin- 
dples  of  Geology,  has  treated  th^e  subjects  in  a  very  able  manner, 
and  in  ilie  same  point  of  view  in  whicli  I  am  thus  led  to  consider 
them.  I  win  only  briefly  refeu  to  some  points,  tivailing  myself  of  iiis 
labors  and  Ms  ideas. 


Sect.  2. — Geography  of  Plants  and  Aniinals. 

"VYiTH  regard  both  to  plants  and  animals,  it  appeai-s,'  that  besides  such 
differences  in  tie  products  of  different  regions  as  we  may  naturally 
suppose  to  be  occasioned  by  climate  and  other  external  causes ;  an 
examination  of  tbe  whole  organic  popniation  of  the  globe  leads  us  to 
consider  the  earth  aa  divided  into  provinces,  each  province  being  occu- 
pied by  its  own  group  of  species,  and  those  groups  not  being  mixed  or 
inter&sed  among  each  otker  to  any  great  extent.  And  thus,  as  the 
earth  is  occupied  by  various  nations  of  men,  each  appearing  at  first 
sight  to  bo  of  a  different  stock,  so  each  other  tribe  of  living  things  is 
scattered  over  the  groimd  in  a  similar  manner,  aJid  distributed  into  its 
sepai'ate  natimis  in  distant  countries.  The  places  where  species  are 
thus  peculiarly  found,  are,  in  the  case  of  plants,  called  their  stations. 
Yet  each  species  in  its  own  region  loves  and  selects  some  peculiar  con- 
ditions of  shade  or  exposure,  soil  or  moisture :  its  place,  defined  by  tJie 
general  d^cription  of  such  conditions,  is  called  its  habitation. 

Not  only  each  Bpecies  thus  placed  in  its  own  province,  has  its  posi- 
tion fiirther  fixed  by  its  own  habits,  but  more  general  groups  and  assem- 
blages are  found  to  be  determined  in  their  situation  by  more  general 
conditions.  Thiis:tistheeharacterofthe/omof  a  collection  of  islands, 
scattered  tlirough  a  wide  ocean  in  a  tropical  and  humid  climate,  to 
contain  an  immense  preponderance  of  tree-ferns.  In  the  same  way, 
the  situation  and  depth  at  which  certain  genera  of  sliells  are  found 
"have  been  tabidated"  by  Mr.  Brodoiip.     Such  general  inferences,  if 

'  Lyell,  Frinciplf\  B.  iii.  a.  v.  '  Greenoiigh,  Add.  13S5,  p.  20, 
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ikoy  can  be  securely  made,  are  of  esti'cme  interest  in  tlicir  bearing  on 


Tiie  means  by  wliicli  plants  and  animals  are  now  diffused  from  one 
place  to  another,  have  boon  well  described  by  Mr.  Lyell,'  And  he  has 
considered  also,  with,  duo  attention,  the  manner  in  which  tkey  become 
imbedded  in  mineral  deposits  of  various  kinds/  He  has  thus  followed 
the  history  of  organized  bodies,  from  the  germ  to  tte  tomb,  and  thence 
to  the  cabinet  of  the  geologist. 

B  t  b  1  the  fortune  f  1  d  al  pi  t  1  animals,  there  is 
an  th  1  f  questions,  f§  t  te  tbtf  great  difflculty; — 
th    t    tm       t    ach  specie       I      ht  d      pecies  which  were 

t,  b     n  t    b  '  as  geology  t      h  tl   t  th  y  many  times  have 

In  la        en  our  ow  they  must  have 

In     at  1  aat  n  the  case  of  th     p  nm    g    h   h  we  live. 

W    h  b    ously  plac    b  f         %  as         bj    t  of  research,  tic 

<_-  eat  n  f  L  g  Things  —  bj  t  h  d  d  mystery,  and  not 
t    b    app    a  h  1  without  B  t  th     gh  we  may  conceive, 

that,  n  th]  ubject,  we  ai'c  t  t  k  b  1  f  fi  m  science  alone, 
we  hall  find  t  asserted,  th  th  1  m  ts  f  11  ble  and  unavoid- 
able specuUtion,  many  cm  d  mj  ta  t  p  blems  which  may 
well  employ  our  phyaiologit  1  loll  F  pi  w  may  ask : — iiow 
we  are  to  recognize  the  ape  wh  hw  g  ally  created  distinct  ? 
— whether  the  population  of  the  eaiih  at  one  geological  epoch  could 
pass  to  the  form  which  it  has  at  a  succeeding  period,  by  tke  agency  of 
natural  causes  alone  ? — and  if  not,  what  other  account  we  can  give  of 
the  succession  which  we  find  to  have  taken  place  ? 

The  most  remarkable  point  in  the  attempts  to  answer  these  and 
the  like  questions,  is  the  controversy  between  the  advocates  and  the 
opponents  of  tiie  doctrine  of  the  transmutation  of  specks.  This  ques- 
tion is,  even  from  its  mere  physiological  import,  one  of  great  interest ; 
and  the  interest  is  much  enhanced  by  our  geological  i 
which  again  bring  the  question  before  us  in  a  striking  form,  and  o 
gigantic  scale.     "We  shall,  therefore,  briefly  state  the  point  at  is 

Sect.  3. —  Question,  of  the  Transmutation  of  Species. 

Wb  see  that  animals  and  plants  may,  by  the  influence  of  b 

and  of  estemal  agents  operating  upon  their  constitution,  be  greatly 

'Lyell,  B,  !ii,  e,  v.  vi.  VA.  '15,  in.  c.  sfii.  s 
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modified,  so  as  ix)  give  I'isc  to  varieties  aud  wioea  difiei'ent  from  what 
tiefore  existed.  How  different,  for  instaacc,  is  one  tind  and  breed  oi' 
dog  from  another !  The  qneation,  then,  is,  whether  organized  beings 
can,  by  the  mere  working  of  natural  causes,  pass  from  the  type  of  one 
species  to  that  of  auotlier  ?  whetiier  the  wolf  may,  by  domestication, 
become  tJia  dog  ?  whether  tlie  ourang-outang  may,  by  the  power  of  ex- 
ternal cireumstsnces,  be  brongbt  within  the  circle  of  the  human  species  ? 
And  t!ie  dilemma  in  which  we  are  placed  ia  this ; — that  if  species  are 
not  tbua  intercliaiigeable,  we  must  suppcse  the  fluctuations  of  which 
each  species  is  capable,  and  which  are  apparently  indefinite,  to  be 
bounded  by  rigorous  limits;  whereas,  if  we  allow  suolt  a  iransmtitti-- 
Uon  of  species,  we  abandon  tliafc  belief  in  the  adaptation  of  the  struu- 
tiire  of  every  creature  to  its  destined  mode  of  being,  wHch  not  onlj 
moat  persons  would  give  up  witli  repugnance,  but  which,  aa  we  have 
seen,  tas  constantly  and  irresistibly  impressed  itself  on  the  minda  of 
the  b^t  uaturalists,  as  the  true  view  of  the  order  of  the  world. 

But  the  study  of  Geology  opens  to  us  the  spectacle  of  many  groups 
of  species  which  have,  in  the  comBe  of  the  earth's  history,  succeeded 
each  other  at  vast  intervals  of  time ;  one  set  of  animals  and  plants 
disappearing,  as  it  would  seem,  from  the  face  of  our  planet,  and  others, 
which  did  not  before  exist,  becoming  the  only  occupants  of  the  globe. 
And  the  dilemma  tlien  presents  itself  to  us  anew : — either  we  must 
accept  the  doctrine  of  the  transmutation  of  species,  and  must  suppose 
that  the  organized  species  of  one  geological  epoch  were  transmuted 
into  those  of  another  by  some  long-continued  agency  of  natural  causes ; 
or  else,  we  must  believe  in  many  succe^vo  acts  of  creation  and  extinc- 
tion of  species,  out  of  the  common  course  of  nature ;  acts  which,  there- 
fore, we  may  properly  call  miraculous. 

This  latter  dilemma,  however,  is  a  question  concerning  the  facts 
which  have  happened  iu  the  history  of  the  world;  the  deliberation 
respecting  it  belongs  to  physical  geology  itself  and  not  to  tliat  subsi' 
diary  science  which  we  are  now  describing,  and  wHch  is  concerned 
only  with  such  causes  as  we  tnow  to  be  in  constant  and  orderly 
action. 

The  former  question,  of  the  limited  or  unlimited  extent  of  the 
modifications  of  animals  and  plants,  has  received  full  and  careful  consi- 
deration from  eminent  physiologists ;  and  in  theii'  opinions  we  find,  I 
thint,  an  indisputable  preponderance  to  that  decision  which  rejects 
the  transmutation  of  specif  and  which  accepts  the  former  side  of 
the  ilikmma  ;  namely,  that  the  Lhiinges  of  which  each  species  is  susoep- 
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tiMe,  though  difflcnlt  to  define  in  worda,  are  limited  in  fact.  It  is 
extremely  intereatiDg  and  satisfactory  thus  to  receive  an  answer  in 
which  we  can  confide,  to  inquiries  seemingly  eo  wide  and  bold  as  those 
which  this  subject  involves.  I  refer  to  Mr,  Lyell,  Dr.  Prichard,  Mr. 
Lawrence,  and  others,  for  tho  history  of  the  discussion,  and  for  the 
grounds  of  the  decision ;  and  I  shall  quote  veiy  brieily  the  main  points 
and  conclusions  to  whieli  the  inquiry  has  led.' 

It  may  be  considered,  then,  as  detei-mined  by  the  over-balance  of 
physiological  authority,  that  there  is  a  capacity  in  all  species  to  accom- 
modate themselves,  to  a  certain  extent,  to  a  change  of  external  circum- 
stances; this  extent  varying  greatly  according  to  the  species.  There 
may  tlrns  arise  changes  of  appeai'anco  or  structure,  and  some  of  these 
changes  are  transmissible  to  the  ofi'spring :  but  the  mutations  tlnis  supei'- 
induced  are  governed  by  constant  laws,  and  confined  witliin  certain 
limits.  Indefinite  diveigenee  from  the  original  type  is  not  possible; 
and  the  extreme  limit  of  possible  variation  may  usually  be  reached  in  ;i 
brief  period  of  time  :  in  short,  species  have  a  real  existence  in  natwe, 
and  a  transmutation  from  one  to  another  does  not  exist. 

Thus,  for  example,  Cuvier  remarks,  that  notwithstanding  all  the 
differences  of  size,  appearance,  and  habits,  which  we  find  in  the  dogs 
of  various  races  and  countries,  and  though  we  have  (in  the  Egyptian 
mummies)  skeletons  of  this  animal  as  it  existed  three  thousand  years 
ago,  the  relation,  of  the  bones  to  each  other  remains  essentially  the 
same ;  and,  with  all  the  varieties  of  their  shape"  and  size,  there  are 
characters  which  resist  all  the  influences  both  of  external  nature, 
of  hnman  intercourse,  and  of  time. 

Sect.  4. — Ilr/poihesis  of  I'rogressive  Tendenciex. 

Within  certain  limits,  however,  as  we  have  said,  external  circumstances 
produce  changes  in  the  forms  of  organized  bein^.  The  causes  of 
change,  and  the  laws  and  limite  of  their  effects,  as  they  obtain  in  the 
existing  state  of  the  organic  creation,  are  in  the  highest  degree  interest- 
ing. And,  as  has  been  already  intimated,  the  Itnowledge  thus  obtain- 
ed, has  been  applied  with  a  view  to  explain  the  origin  of  the  existing 
population  of  the  world,  and  the  succession  of  its  past  conditions.  But 
those  who  have  attempted  such  an  explanation,  have  fonnd  it  necessary 
to  assume  certain  additional  laws,  in  order  to  enable  themselves  to  de- 

'  Lyell,  B.  iii.  o.  iv.  "  Ossein.  Foss.  Disc.  PreL  p,  61. 
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tluce,  from  tlie  tenet  of  the  transmutability  of  the  species  of  organized 
beings,  such  a  state  of  things  as  we  see  about  us,  and  such  a  succession  of 
states  as  is  evidenced  by  geological  re  h  A  d!i  giin,  weare 
brought  to  questions  of  ivhich  ive  m    t      1  th  f   m  the  most 

profound  physiologists.     Now  refe  b  t         to  tl     e  which 

appear  to  be  the  best  authorities,  it  f  1  tli  t  tli  dd  t  nal  posi- 
tive laws  are  still  more  inadmissible  th  th  p  is  mption  of 
indefinite  capacity  of  change.  Foi  mpl  i  t  ount,  on 
this  hypothesis,  for  the  seeming  sd  ptat  f  th  d  ents  of 
aniiQals  to  their  wants, it  is  held  that  th  d  w  ts  tb.  resultof 
the  wants ;  that  tJie  swiftness  of  fha  tel  p  tli  1  d  teeth  of 
the  lion,  the  tmnt  of  the  elephant,  tl  1  n^  k  f  th  ffe  have 
been  produced  by  a  certain  plastic  cl  t  tl  1 1  t  n  of  ani- 
mals, operated  upon,  for  a  long  com  f  s,  1  y  th  tt  pts  which 
these  animals  made  to  attain  objects  whi  h  th  it  (  v:  ns  g  nization 
did  not  place  within  their  reach.  In  tlua  y  t  is  ai  t  d  that  the 
most  striking  attributes  of  animals,  th  li  h  pp  tly  m  ply  most 
clearly  the  providing  skill  of  their  Creator,  have  been  brought  forth  by 
the  long-repeated  efibrts  of  the  creatures  to  attain  the  object  of  their 
desire ;  thus  animals  with  the  highest  endowments  have  been  gradoally 
developed  from  ancestral  forms  of  the  most  limited  organization  :  thus 
fish,  bird,  and  beast,  have  grown  from  e>tiaU  gelatincms  bodies,  "petits 
corps  gelatineux,"  possessing  some  obscure  principle  of  life,  and  the  ca- 
pacity of  development;  and  thus  man  himself  with  all  his  intellectual 
and  moral,  as  well  as  physical  privileges,  has  been  derived  from  some 
creature  of  the  ape  or  baboon  tribe,  urged  by  a  constant  tendency  to 
unprove,  or  at  least  to  alter  his  condition. 

As  we  have  said,  in  order  to  anive  even  hypothetically  at  this  result, 
it  is  necessary  to  assume  besides  a  mere  capacity  for  change,  other 
positive  and  active  principles,  some  of  which  we  may  notice.  Thus, 
we  must  have  as  the  direct  productions  of  nature  on  this  hypothesis, 
certain  monads  or  rough  draughts,  the  primary  rudiments  of  plants 
and  animals,  "Wo  must  have,  in  tliese,  a  constant  tendency  to  progres- 
sive improvement,  to  the  attainment  of  higher  powers  and  faculties 
than  they  pMseas ;  which  tendency  is  again  perpetually  modified  and 
controlled  by  the  force  of  external  circumstances.  And  in  order  to 
account  for  the  simultaneous  existence  of  animals  in  every  stage  of 
this  imaginary  pregress,  wo  must  suppose  that  nature  is  compelled  to 
be  consUtntly  producing  those  elementary  bcing-s,  from  which  all 
animals  are  successively  developed. 
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I  need  not  stay  to  point  out liow  extremely  iilitiary  e\u\  ^irt  ff 
this  scheme  is;  and  how  complex  its  machinery -woi  11  h  even  if  it 
did  account  for  the  facts.  It  may  be  sufScient  to  obstivc,  is  otheih 
have  done,'  that  the  capacity  of  change  and  of  being  influcn:'cd  1  \ 
external  eitcumstaiices,  such  as  we  i  etlly  fin  I  it  m  n'iture  in  1  there 
fore  such  as  in  science  we  must  represent  it,  is  'i  tendency  not  t 
improve,  bat  to  deteriorate.  When  species  aie  modified  by  c,\ti.rnal 
causes,  they  usually  degenerate,  and  do  not  alvanLC  And  th  le  is  i 
instance  of  a  species  acquiring  an  entirely  new  sense,  faculty,  or  organ, 
in  addition  to,  or  in  the  place  of,  what  it  had  before. 

Not  only,  then,  is  the  doctrine  of  the  transmutation  of  species  in 
itself  disproved  by  the  best  physiological  reasonings,  but  lie  additional 
assnmptions  which  are  requisite,  to  enable  its  advocates  to  apply  it  to 
the  explanation  of  the  geological  and  other  phenomena  of  tlio  earth, 
are  altogether  gratuitous  and  fantastical. 

Such  is  the  judgment  to  which  we  are  led  by  the  examination  of  the 
discnssions  which  have  taken  place  on  this  subject.  Yet  iu  certain 
speculations,  occasioned  by  the  discoveiy  of  the  Sivatherium,  a  new 
fossil  animal  irom  the  Sub-Himalaya  mountains  of  India,  M.  Geoffrey 
Saint-Hiiaire  speaks  of  the  belief  in  the  immutabililj  of  species  as  a 
conviction  which  is  fading  away  from  men's  minds.  He  speaks  too 
of  the  termination  of  the  age  of  Guvier,  "  la  clotnie  du  siecle  do 
Cuvier,"  and  of  the  commencement  of  a  better  zoological  philosophy.^ 
But  though  he  expresses  hunself  with  great  animation,  I  do  not  per- 
ceive that  lie  adduces,  in  support  of  his  peculiar  opinions,  any  argn- 
ments  in  addition  to  those  which  ho  urged  during  the  iifetime  of 
Guvier,  And  the  reader"  may  recollect  that  the  consideration  of  t3iat 
controversy  led  us  to  very  different  anticipations  from  his,  respecting 
the  probable  faturc  progress  of  philology.  The  discovery  of  the 
Sivatherium  supplies  no  particle  of  proof  to  the  hypothesis,  that  the 
existing  species  of  animals  are  descended  from  extinct  creatures  which 
are  specifically  distinct :  and  we  cannot  act  more  wisely  than  in  listen- 
ing to  the  advice  of  that  eminent  naturalist,  M.  de  Blainville." 
"  Against  this  hypothesis,  which,  up  to  the  present  time,  I  regard  as 
purely  gratuitous,  and  likely  to  tuiii  geologists  out  of  the  sound  and 
excellent  road  in  which  they  now  are,  I  willingly  raise  my  voice,  with 
tlie  most  absolute  conviction  of  being  in  the  right." 

'  Lyeli,  B.  ur.  c.  iv.  '  Cmapie  Jiendu  de  FAcad.  dei  So.  1837,  No.  S,  p.  81. 
'  See  B.  SVTJ.  e,  lii.       "  Compte  Rendu,  IBST,  No.  6,  p.  168. 
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[2nd  Ed.]  [Tlws  hypothesis  of  the  progressive  developement  of 
species  has  been  urged  recently,  in  connexion,  with  the  physiological 
tenet  of  Tiedemaiin  and  De  Serres,  noticed  in  B.  xvii.  c.  yii.  sect.  3  ; — 
namely,  that  tlie  embryo  of  tho  higher  foims  of  animals  passes  by 
gradatioBs  through  those  forms  which  are  permaneat  in  inferior  ani- 
inala.  Assuming  this  tanet  as  esact,  it  has  been  maintained  that  the 
higher  animals  which  are  found  in  the  more  recent  strata  may  have 
been  produced  by  au  ulterior  development  of  the  lower  forms  in  the 
embryo  state ;  the  circumstances  being  such  as  to  favor  such  a  deve- 
lopement But  all  tlie  best  physiologists  agree  in  declaring  that  sneli 
Ml  extraordinary  developement  of  the  embryo  is  inconsistent  witli  phy- 
siological possibility.  Even  if  tlie  progr^sion  of  the  embryo  in  time 
have  a  general  correspondence  with  the  order  of  animal  forms  as  more 
or  less  perfectly  organized  (which  is  true  in  an  extremely  incomplete 
and  inexact  degree),  this  correspondence  must  be  considered,  not  as 
!my  indication  of  causality,  but  aa  one  of  those  mar!^  of  imiversal  ana- 
logy and  symmetiy  which  are  stamped  upon  every  part  of  tiie  creation. 

Mr.  Lyell"  notices  this  doctrine  of  Tiedemann  and  De  Serres;  and 
es,  that  thongit  natm'e  presents  ib  with  cases  of  animal  forms 
d  by  incomplete  developement,  she  offers  none  of  forms  exalted 
by  extraordinary  developement.  Mr.  Lyell's  own  hypothesis  of  the  in- 
troduction of  new  species  upon  the  earth,  not  having  any  physiological 
basis,  hardly  belongs  to  this  chapter.] 

Sect.  5. —  Question  of  Creation  as  related  to  Scie^ice. 

But  since  we  reject  the  production  of  new  species  bymeans  of  external 
influence,  do  we  then,  it  may  be  asked,  accept  the  other  aide  of  the 
dilemma  which  we  have  stated  ;  and  admit  a  scries  of  creations  of 
species,  by  some  power  beyond  that  which  we  trace  in  the  ordinary 
coui^  of  nature  f 

To  this  question,  the  history  and  analogy  of  science,  I  conceive, 
teach  us  to  reply  as  follows : — All  palsetiolo^cal  sciences,  all  specula- 
tions which  attempt  to  ascend  from  the  present  to  the  remote  past,  by 
the  chain  of  causation,  do  also,  by  an  inevitable  consequence,  ui^e  lis 
to  looJc  for  the  beginning  of  the  state  of  things  which  we  thus  con- 
template rbnt  in  none  of  these  cases  have  men  been  able,  by  the  aid 
of  science,  to  arrive  at  a  beginning  which  is  homogeneous  with  the 

"  Principles,  B,  m.  c.  iv. 
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known  course  of  events.  The  htrgn  fla^a,^  of  vilization, 
of  law  and  goveniment,  cannot  be  clea  ly  n^ide  ut  by  reasoning  and 
research  ;  just  as  little,  we  nay  pect,  11  a  k  owl  d  e  of  tlie  ori^n 
of  tlie  existing  and  extiiict  spec  es  of  plants  ind  ami  1  e  the  result 
of  physiological  and  geolog  cal  nvest  gat  o       ' 

Bu^  thongh  philosophera  1  ave  neve  yet  lemon  t  at  d  and  perhaps 
never  will  "be  able  to  demonstrate  ■nhat  vas  tl  at  j  in  t  o  state  of 
things  in  the  social  and  mater  1  o  Ids  fiom  vh  h  tl  progressive 
state  took  its  flret  depavtnre  th  y  can  still  m  all  the  1  nes  of  research 
to  which  we  have  referred  go  ve  y  far  back  — dete  n  many  of 
the  remote  circumstaiices  of  the  past  seq  ence  of  event  — lacend  to 
a  point  which,  from  aax  portion  at  least,  see  na  to  b  ne^i  the  oiigin  ; 
— and  exclade  many  suppos  t  ons  eapect  ng  the  ongm  tself  Whether, 
by  the  light  of  reason  alone  men  vill  ever  be  able  to  do  more  than 
this,  it  is  difficult  to  say.  It  ■!,  I  th  k,  no  lat  onal  ojin  on,  even  on 
grounds  of  philosophical  nalogy  alo  e  that  all  tho  e  sciences 
which  look  back  and  seek  a  heg  nn  ng  of  th  ngs,  we  n  y  be  unable 
to  arrive  at  a  consistent  and  defin  to  1  ebe^  w  tlio  t  h'w  ng  ecourseto 
otlier  grounds  of  tmth,  as  well  as  to  h  ato  cil  re  eaich  nd  scientific 
reasoning,  When  oiir  thoTigits  roul  1  apprehend  stea  1  ly  the  crea- 
tion of  things,  we  find  that  we  aie  obi  ged  to  s  mmon  up  other  ideas 
than  those  which  regulate  th  p  rs  t  of  sc  ent  lie  tr  th  — to  call  in 
other  powers  than  those  t  ^1  eh  e  ref  r  natural  e  e  ts  t  cannot, 
then,  he  considered  as  ve  j  su  pr  z  ng  t  n  th  s  pa  t  of  o  r  inquiry, 
we  are  compelled  to  look  f  r  othe    than  the  orlna      e    dencc  of 

Geology,  forming  one  of  tl  e  pal'et  olog   il    lass  of      e    es,  which 
trace  back  the  history  of  tl  e      ll  i   1  t&     1  ab  tints  o   pi  ilosophical 
grounds,  is  thus  associated  with  a  number  of  other  kmds  of  research, 
which  are  concerned  about  language,  law,  art,  and  consequently  about 
the  internal  feeultaes  of  man,  his  thoughts,  his  social  habits,  his  con-  ■ 
ception  of  right,  hia  love  of  beauty     Geology  being  thus  brought  into 
the  atmosphere    f  m  ral  inl  nent  1  sj  e   dat   ns    tmvleepetel 
that  her  JEvesti  it  o  s    f  the  i  obable  5  ast    vill  si  a  e  a        fin 
common  to  diem     an  1  that  sJ  e  w  11     ot  be  1II0  ed  to  j       t  t    a 
origin  of  her  oiii  a  merely  phjs   al  beg  nn  ng  of  th    gs    b  t  tl  at, 
as  she  approaches  towa  la  such  1  f,oal  she  w  11  be  led  to        th  t  t 
the  origin  of  many  trams  of  events,  the  point  of  convergence  of  many 
lines.     It  may  be,  that  instead  of  being  allowed  to  travel  up  to  this 
focus  of  being,  we  are  only  able  to  estimate  its  place  and  nature,  and 
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to  form  of  it  such  a  judgment  as  tliis  ; — that,  it  is  not  oaly  tbe  source 
of  mere  vegetable  and  animal  life,  but  also  of  rational  and  social  life, 
language  and  aits,  law  and  order ;  in  stort,  of  all  tlie  progressive 
tendencies  by  which  tlie  highest  principles  of  the  intellectual  and 
moral  world  hare  beea  and  are  developed,  as  well  as  of  the  succes- 
sion of  organic  forms,  which  we  find  scattered,  dead  or  living,  over  the 
earth. 

This  reflection  concerning  the  natural  scientific  view  of  creation,  it 
will  be  observed,  has  not  been  sought  foi',  fi-om.  a  wish  to  arrive  at  such 
couclusions ;  but  it  has  flowed  spontaneously  from  the  manner  ii\ 
which  we  have  had  to  inti'oduce  geology  into  our  classification  of  the 
sciences ;  and  this  classification  was  framed  from  an  unbiassed  eonsi- 
deration  of  the  general  analogies  and  guiding  ideas  of  the  various 
portions  of  our  knowledge.  Such  remarks  as  we  have  made  may  on 
this  account  be  considered  more  worthy  of  attention. 

But  such  a  train  of  thought  must  be  pursued  with  caution.  Al- 
though it  may  not  be  possible  to  aiTive  at  a  right  conviction  respect- 
ing the  origin  of  the  world,  without  having  recourse  to  other  than 
physical  considei'ations,  and  to  other  than  geological  evidence ;  yet 
estraueous  considerations,  and  extraneous  evidence,  respecting  the 
nature  of  the  beginning  of  things,  m.ust  never  be  allowed  to  influence 
our  physics  or  our  geol<^.  Our  geological  dynamics,  like  our  s^tro- 
nomical  dynamics,  may  be  inadequate  to  carry  us  back  to  an  origin 
of  that  state  of  things,  of  which  it  explwns  the  progress :  but  this 
deficiency  must  he  supplied,  not  by  adding  supernatural  to  natural 
geological  dynamics,  but  by  accepting,  in  their  proper  place,  the  views 
supphed  by  a  portion  of  knowledge  of  a  difierent  character  and  order, 
Tf  we  include  in  our  Theology  the  speculations  to  which  we  have 
recourse  for  this  purpose,  we  must  exclude  fmm  them  our  Geology. 
The  two  sciences  may  conspire,  not  by  taving  any  part,  in  common  ; 
but  because,  though  widely  diverse  in  their  hnes,  both  point  to  a  mys- 
terious and  invisible  origin  of  the  world 

All  that  which  cla  ns  o  u  as  ent  o  tl  ose  h  che  grounds  of  vl  cl 
tlieolt^  takes  cogi  zance  must  la  n  su  h  assent  a>  s  ns  ste  t 
with  those  grounds  that  s,  t  mu&t  e  |  e  bel  f  n  respect  t  all 
that  bears  upon  the  h  ghcst  relations  of  our  b  g  tl  o  e  on  wh  cl 
depend  our  duties  nt  om  hof  s  Do  tr  es  of  th  s  tmd  may  and 
must  be  conveyed  an  \  ma  nta  ned  by  inei  s  of  nf  nat  ou  co  ce  n 
ing  the  past  historj     f       u  a    1  h     s       1    n  1    nate   al  11  a 

moral  and  spiritual  fo  t  ne       Ho  who  b  1  e  cs  tl    t  a  P        1     ee  ha 
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ruled  the  affairs  of  iiiankiEd,  will  also  believe  t!iat  a  Providence  lias 
governed  tie  material  world.  But  any  language  in  which  the  nai'rative 
of  this  government  of  the  material  world  can  he  conveyed,  must  neces- 
sarily be  very  imperfect  and  inappropriate  ;  being  expressed  in  terms 
of  those  ideas  which  have  been  selected  iDy  men,  in  order  to  describe 
appearances  and  relations  of  created  things  as  they  affect  one  ajiother. 
In  all  cases,  therefore,  where  we  have  to  attempt  to  int«i;pi-et  ench  a 
narrative,  we  must  feel  that  we  are  extremely  liable  to  en- ;  and  most 
of  all,  wlien  our  interpretation  refers  to  those  material  objects  and 
operations  which  arc  most  foreign  to  the  main  purpose  of  a  history  of 
providence.  If  we  have  to  consider  a  commnnication  containing  a 
view  of  such  a  government  of  the  world,  imparted  to  us,  as  we  may 
suppose,  in  order  to  point  out  the  right  direction  for  out  feelings  of 
trust,  and  reverence,  and  hope,  towards  the  Governor  of  the  world,  we 
may  expect  that  we  shall  be  in  no  danger  of  collecting  from  onr 
anthoiity  erroneous  notions  with  regard  to  tJie  power,  and  wisdom, 
and  goodness  of  His  government;  or  with  respect  to  onr  own  place, 
dnties,  and  prospects,  and  the  history  of  our  raea  so  far  as  our  duties 
and  prospects  are  concerned.  But  that  we  shall  rightly  nnderetand 
the  detail  of  all  events  in  the  history  of  man,  or  of  the  skies,  or  of 
the  earth,  which  ai'e  narrated  for  the  purpose  of  thus  giving  a  right 
direction  to  our  minds,  is  by  no  means  equally  certain ;  and  I  do  not 
thinfe  it  would  he  too  much  to  say,  that  an  immunity  from  perplexity 
and  error,  in  such  matters,  is,  on  genera!  grounds,  very  improbable. 
It  cannot  then  surprise  us  to  find,  that  parts  of  such  narrations  whidi 
seem  to  refer  to  occurrences  lite  those  of  which  astronomers  and 
geol<^ts  have  attempted  to  determine  the  laws,  have  given  rise  to 
many  interpretations,  all  inconsistent  with  one  another,  and  most  of 
them  at  variance  with  the  beat  established  principles  of  astronomy  and 


It  may  be  urged,  that  all  trutJis  must  be  consistent  witli  all  other 
truths,  and  that  therefore  the  results  of  true  geology  or  astronomy  can- 
not be  in-cconcileable  with  tte  statements  of  true  theology.  And  this 
universal  consistency  of  truth  with  itself  must  he  assented  to  ;  hut  it 
by  no  means  follows  that  we  must  be  able  to  obtain  a  full  insight  into 
the  natOTC  and  manner  of  such  a  consistency.  Such  an  insight  would 
only  be  possible  if  wo  could  obtwu  a  clear  view  of  that  central  body  of 
truth,  the  source  of  the  principles  which  appear  in  the  separate  lines 
of  speculation.  To  expect  that  we  should  see  clearly  how  the  provi- 
dential government  of  the  world  is  consistent  with  the  unvarying  laws 


d  by  Google 


572  HISTORY   OF  GEOLOGY. 

by  which  its  motions  and  dcvcIopemcniB  are  regulated,  is  to  expect 
to  understand  thoroughly  the  laws  of  motion,  of  developement,  and 
of  providence ;  it  is  to  expect  tiiat  we  may  ascend  from  geology  and 
astronomy  to  the  creative  and  legislative  centre,  from  wMch  pro- 
ceeded earth  and  stars  ;  and  then  descend  again  into  the  moral  and 
spiritual  world,  because  its  source  and  centre  are  the  same  as  those  of 
the  material  creation.  It  is  to  say  that  reason,  whether  finite  or  infi- 
nite, must  be  consistent  with  itself;  and  that,  tiierefore,  the  finite  must 
be  able  to  compreliend  the  infinite,  to  travel  from  any  one  province  of 
tka  moral  and  material  universe  to  any  other,  to  trace  their  bearing, 
and  to  connect  tieir  boundaries. 

One  of  tlie  advantages  of  the  study  of  the  history  and  nature  of 
science  in  which  we  are  now  engaged  is,  that  it  warns  us  of  the  hope- 
less and  presumptuous  character  of  sucli  attempts  to  understand  the 
government  of  the  world  by  the  aid  of  science,  without  throwing  any 
discredit  upon  the  reality  of  our  knowledge ; — that  while  it  stows  how 
solid  and  certain  each  science  is,  so  long  as  it  refers  its  own  facts  to  its 
own  ideas,  it  confines  each  science  within  ite  own  limits,  and  condemns 
it  as  empty  and  helpless,  when  it  pronounces  upon  those  subjects  whicli 
ai'e  extraneous  to  it.  The  error  of  persons  who  should  seek  a  geologi- 
cal narrative  in  theological  records,  would  he  rather  in  the  search  itself 
than  in  their  interpretation  of  what  they  might  find  ;  and  in  like  man- 
ner the  error  of  those  who  would  conclude  against  a  supernatural 
b  g  nn  ng  a  p  vidential  direction  of  tlie  world,  upon  geological  or 
phy  1  al  af.  ninga,  would  be,  that  they  had  expected  tJiose 
al  n  to  place  the  origin  or  the  government  of  the  world  in  its 
p    I      Ight 

Th  n^h  th  observations  apply  generally  to  all  the  palffitiological 
•^  tl  y  n  ay  be  permitted  hero,  because  they  have  an  especial 
1  m  up  m  of  the  difEculties  which  have  einban'assed  the  pro- 
gr  ss  f  1  g  al  speculation ;  and  though  such  difficulties  are,  I 
t  ifit  a  ly  g  n  by,  it  is  impoi-tant  for  us  to  see  them  in  their  true 
b  anng 

F  m  h  1 1  been  said,  it  follows  that  geology  and  ^tronomy  are, 
t  th  m  1  «,  incapable  of  giving  us  any  distinct  and  satisfactory 
ac  ount  t  th  ^^in  of  the  universe,  or  of  its  parts.  We  need  not 
w  nil       th         t    ny  particular  instance  of  this  incapacity ;   as,  for 

anpl  th  t  t  hich  we  have  been  speaking,  the  impossibility  of 
ac  nntin  by  a  y  natui-al  means  for  tlie  production  of  all  the  succes- 
a     tnhe     f  pi  nt    and  animals  which  have  peopled  the  world  in  tlie 
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various  stages  of  its  progress,  as  geology  teaches  us.  That  they  were, 
like  our  own  animal  and  vegetable  contemporaries,  profoundly  adapted 
to  the  condition  iji  whicK  they  were  placed,  we  have  ample  reason  to 
helieve ;  hut  when  we  inqiiire  whence  they  came  into  this  our  world, 
geology  is  silent.  The  mystery  of  creation  is  not  within  the  range  of 
her  legitimate  territory ;  she  says  nothing,  but  she  points  upwards. 

Sect.  ii. — The  Hypothesis  of  ilie  regular  Creation  and  Extinction  of 
Species. 

1.  Creation  of  Species, — We  have  already  seen,  how  untenable,  as  a 
physiological  doctiine,  is  the  prmciple  of  the  trangmutability  and  pro- 
gressive tendency  of  species ;  and  therefore,  when  we  come  to  apply  to 
theoretical  geol<^  the  principles  of  the  present  chapter,  this  portion 
of  the  subject  will  easily  be  disposed  of.  I  hardly  know  whether  I 
can  state  that  there  is  any  other  principle  which  Jias  been  applied  to 
the  solution  of  tlie  geological  problem,  and  which,  therefore,  as  a  gene- 
ral truth,  ought  to  be  considered  here.  Mr.  Lyel],  indeed,  has  spolen^' 
of  an  hypothesis  that  "  the  successive  ci-eation  of  species  may  consti- 
tute a  regular  part  of  the  economy  of  nature :"  but  he  has  nowhere, 
I  think,  so  described  this  procras  as  to  maie  it  appear  in  what  depart- 
ment of  science  we  are  to  place  the  hypothesis.  Are  tliesQ  now  species 
created  by  the  production,  at  long  intervals,  of  an  offepring  different  in 
species  from  the  parents  3  Or  are  the  species  so  ci-eated  produced  with- 
out parents  ?  Are  they  gradually  evolved  from  some  embryo  substance? 
or  do  tliey  suddenly  start  from  the  ground,  as  hi  the  creation  of  the 

Perfect  forms 

Limbed  and  ful!-growu:  out  of  the  ground  up  rose 
Aa  from  his  lair,  the  wild  beaat  where  he  wons 
In  forest  wild,  in  thicket,  brake,  or  den ;  .  .  . 
The  grassy  clods  now  calved;  now  half  appeared 
The  tawny  lion,  pawing  to  get  free 
His  liindev  parte ;  then  springs  as  broke  from  bounds, 
And  mmpant  sliakea  hia  hrinded  mane ;  &e.  iie. 

Paradite  Lost,  B.  vii. 

Some  selection  of  one  of  tliese  forms  of  the  hypothesis,  rather  tliau 
the  others,  with  evidence  for  the  selection,  is  requisite  to  entitle  us  to 
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place  it  among  tlio  kiio^vn  causes  of  change  wLicJi  in  tliis  ctapter  we 
are  considering,  llie  bare  conviction  that  a  creation  of  species  has 
taken  place,  whether  once  or  many  times,  so  long  as  it  is  unconnected 
with  our  oi-ganical  sciences,  is  a  tenet  of  Natural  Theology  ratherthan 
of  Physical  Philosophy. 

[2nd  Ed.]  [Mr.  Lyell  has  explained  his  theory"  by  supposing  man 
to  people  a  great  desert,  introducing  into  it  living  plants  and  animals ; 
and  he  has  traced,  in  a  very  interesting  manner,  the  results  of  such  a 
hypofhesia  on  iho  distrihution  of  vegetable  and  animal  species.  But 
he  supposes  the  agents  who  do  this,  before  they  import  species  into 
pai'ticular  localities,  to  study  attentively  the  climate  and  other  physical 
conditions  of  each  spot,  and  to  use  various  precautions.  It  is  on 
account  of  the  notion  of  design  thus  introduced  that  I  have,  above, 
described  this  opinion  tm  rather  a  tenet  of  Natural  Theology  than  of 
Physical  Philosophy. 

Mr.  Edward  Porbea  has  published  some  highly  interesting  specnla- 
tioiK  on  the  distribution  of  existing  species  of  animals  and  plants.     It 
appears  that  the  manner  in  which  anim-d  ind     g  t  bl    f  rm  a 
diffused  requires  us  to  assume  centres  fr  m  wh  h  fh     1  fta        t    1. 
place  by  no  means  limited  by  the  pros    t  1  f       ti      t       d 

islands.     The  changes  of  land  and  w  t      wh   h  h        th  1 

since  the  existing  species  were  placed        th         th         t  h        b 
very  extensive,  and  perhaps  reach  into  tl     gl      1  p      d    f    h  1    I 
have  spoken  above." 

According  to  Mr.  Forbes's  views,  fo  h  h  1  I  ff  d  g  t 
body  of  very  sticking  and  converging  ^9         ^      g  tatl 

and  animal  popiilation  of  the  British  M  t     be  t  I  f     b 

the  following  series  of  events.     The  i  d  p     t      f  th 

formation  were  elevated  into  a  great  Atl    t  t       t  y  t      p      t 

from  what  is  now  Ameriea,  and  having    t  t         h        wh 

the  great  semi-eirculav  belt  of  gidf-w    d  f        th    16th  t    tl 

45th  parallel  of  latitude.     This  contii     t  th      I  t    k  d      tl 

life,  and  of  its  vegetable  population,  the  flora  of  the  west  of  Ireland, 
which  has  many  points  in  common  with  the  flora  of  Spain  and  the  At- 


"  B.  m.  0.  vjii.  p.  1G6. 

"  Sea,  in  MemoiTS  of  ili^  Cfeologieal  Snrtieff  of  Great  Britain,  vol.  i.  p.  386, 
Professor  Forbes's  Memoir  "  On  the  Connection  between  the  Distribution  of  the 
esisting  Fauna  and  Flora  of  fbe  British  Tales,  and  the  Geological  Changes  whieh 
have  affected  their  area,  eapacislly  iliu-ing  tlie  epoch  of  the  Northern  Drift," 
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lantic  islands  (tlie  Asturian  flora),  i-,  the  moi  1  Iht  u^i  i  Vet»e  i 
Spain  and  Ireland,  and  the  vest  of  this  meioct,ne  c  ntinont  iiia 
destroyed  by  some  geological  movement,  bnt  theic  ii  le  left  tra  cs  of 
the  connexion  which  still  remain.  Eastnaids  of  the  floia  just  men 
tioned,  tUoie  is  a  flora  common  to  DeYoa  and  Cornwall,  to  the  fconth 
east  part  of  Ireland,  the  Channel  Isles,  and  the  adjacent  provmces  of 
France; — a  flora  passing  to  a  soutliera  character,  and  having  its 
course  marked  by  the  remains  of  &  great  rocky  bainei,  the  destauction 
of  whicK  probably  took  place  anteiiorto  the  formation  of  the  nirrowei 
part  of  the  channel.  Eastward  trom  this  J)ev<m  oi  HfoTtnan  flori 
again,  wc  have  tho  Kentiik  flora,  whii,h  is  an  extension  of  the  flora  of 
North-western  Franco,  insulated  by  the  breach  which  formed  tlie  straits 
of  Dover.  Then  came  the  Glaeial  pet  tod,  when  the  east  ot  England 
and  the  north  of  Europe  wore  submeiged,  the  northern  diilt  was  dis 
tributed,  and  England  was  reduced  to  a  chain  of  islands  or  ridges, 
formed  by  the  mountains  of  Wales,  Oumbeiland,  and  8i,otland,  which 
were  connected  witJi  the  land  of  ycandinavia.  This  was  tiie  period  of 
glaciers,  of  the  dispersion  of  boulders,  of  the  grooving  and  scratching  of 
rocks  as  they  are  now  found.  The  climate  being  then  mueli  colder 
than  it  now  is,  the  flora,  oven  down  to  tlie  water's  edge,  consisted  of 
what  are  now  Alpine  plants ;  and  this  Alpine  flora  is  cooinion  to  Scan- 
dinavia and  to  our  monntain-^ummits.  And  tliese  plants  kept  their 
places,  when,  by  the  elevation  of  the  land,  the  whole  of  tho  present  Ger- 
man Ocean  became  a  continent  connecting  Britain  with  central  Europe. 
For  the  increased  elevation  of  their  stations  counterbalanced  the  dimi- 
nished cold  of  the  succeeding  period.  Along  the  dry  bed  of  the 
German  Sea,  thus  elevated,  the  principal  part  of  the  existing  fl.oi'a  of 
England,  the  Germanic  flora,  migrated.  A  large  portion  of  our  exist- 
ing animal  population  also  came  over  through  the  same  region ;  and 
along  with  those,  came  hyenas,  tigers,  rhinoceros,  aurochs,  elk,  wolves, 
beavera,  which  are  estinct  in  Britain,  and  other  animals  wliich  are 
extinct  altogether,  as  the  primigenian  elephant  or  mammoth.  Bnt 
then,  again,  the  German  Ocean  and  the  Irish  Channel  were  scooped 
out;  and  the  climate  again  changed.  In  oni  islands,  so  detached, 
many  of  tlie  larger  beasts  perkted,  and  their  bones  were  covered  up 
in  peat-mosses  and  caves,  where  we  find  them,  Tiiis  distinguished 
natui'alist  lias  fnrther  shown  that  tlie  population  of  the  sea  lends  itself 
to  the  same  view.  Mr,  Forbes  says  that  the  writings  of  Mr.  Smith,  of 
Jordan-hill,  "  On  the  last  Changes  in  the  relative  Levels  of  the  Land 
and  Sea  in  the  British  Islands,"  published  in  the  Memoirs  of  the  Wer- 
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nerian  Society  for  ISS'J-s,  must  be  estcwned  tlie  foimdation  of  ii  ciiti- 
cal  investigation  of  this  Bubjeet  in  Britain,] 

2.  Extinction  of  Speeies.—Wiih  regard  to  the  extinction  of  species, 
Mr.  Lyell  han  propounded  a  doctrine  which  is  deserving  of  great  atten- 
tion here.  Brocchi,  when  he  had  satisfied  himself,  hy  examination 
of  the  Sub-Apennines,  that  about  half  the  species  which  had  lived  at 
the  period  of  their  deposition,  had  since  become  extinct,  sn^ested  as 
a  possible  cause  for  this  occurrence,  that  the  vital  energies  of  a  species, 
lite  that  of  an  individual,  might  gradually  decay  iu  tlie  progress  of 
time  and  of  generatious,  til!  at  last  the  prolific  power  might  fail,  and 
the  species  wither  away.  Such  a  property  would  be  conceivable  as  a 
physiological  fact ;  for  we  see  someth  ft]  k  Infruttesp 
pagated  by  cuttings  :  after  some  time  tl       t    L  aj  (  ars  t    w  t 

and  loses  its  peculiar  qualities.     But         h        n        ft     nt       d  n 
that  this  is  the  case  in  generations  of      atui  t        llytli      p 

ductive  powci's.  Mr.  Lyell  conceives,  tl  at,  th  t  dm  tt  ng  anj 
inherent  constitutional  tendency  to   d  t  n  rat     tli  f    tun      t 

which  plants  and  animals  are  exposetl  by  th  Iu  n  f  th  phy  al 
circumstances  of  the  earth,  by  the  alt  t  n  f  land  d  to  and  bj 
the  changes  of  climate,  must  very  freq    ntly  o  n  tl     1  •«    t 

ral  species.  We  have  historical  evidence  of  the  extinction  of  one  con- 
spicuous species,  the  Dodo,  a  bird  of  large  size  and  singular  form, 
which  inhabited  the  Isle  of  France  when  that  island  was  first  disco- 
vered, and  which  now  no  longer  exists.  Several  other  species  of  ani- 
mals and  plants  seem  to  be  in  the  course  of  vanishing  from  the  face 
of  the  eaJth,  even  under  our  own  observation.  And  taidng  into 
account  the  greater  changes  of  the  surfece  of  the  globe  which  geology 
compels  us  to  assume,  we  may  imagine  many  or  all  the  existing  species 
of  living  things  to  bo  extirpated.  If,  for  instance,  that  reduction  of 
the  climate  of  the  earth  which  appears,  from  geological  evidence,  to 
have  taken  place  already,  be  supposed  to  go  on  much  faiiher,  the 
advancing  snow  and  cold  of  the  polar  regions  may  destroy  tlie  greater 
part  of  oui  iJauts  aad  animals,  and  drive  the  rema  nder,  or  those  of 
them  which  possess  the  requisite  laculties  of  migration  and  accommo- 
ditioE,  to  seel  in  asylum  near  the  equator  And  it  we  sippose  the 
temperature  of  the  earth  to  be  still  lurthei  reduced  this  zone  of  noiv- 
existmg  life  having  no  tuithti  plate  of  refii^e  will  pensh  -*nd  the 
nhole  eirth  will  be  tenint.d  il  at  all,  by  a  n(.i\  UL^tlfE  Other 
(.auses  nnght  pioduce  the  same  effect  is  a  chnn^t,  of  climiti, ;  and, 
without  sufpcmg  sud  causes  t  j  ifEert  the  whol    ^,1  bi  it  is  easy  to 
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ill  1^  iiBti.  11         u  h  as  u  i)]it    nt     1    d  turb  the  eiju.ilil)i'ium 

h  li  tb.e  p^  flff      nfdffentpe     s  have  produced ; — 

m  ght  get  li  e  tl  oj  i  tun  ty  of  d  n^  and  conquering  the 
dom  n  of  oth.  rs  and  n  th  en )  tl  e  m  ans  of  entirely  suppressing 
thero,  and  estabhshing  themselves  in  their  place. 

That  this  extirpation  of  certain  species,  ■which,  as  wo  have  seen,  hap- 
pens in  a  few  cases  under  common  circumstances,  might  iappen  upon 
a  greater  scale,  if  tlie  range  of  external  changes  were  to  be  much 
enlarged,  cannot  be  doubted.  The  extent,  therefore,  to  which  natural 
causes  may  account  for  the  extinction,  of  species,  will  depend  upon  the 
amount  of  change  whicli  we  suppose  in  the  physical  conditions  of  the 
earti.  It  must  be  a  task  of  extreme  difficulty  to  estimate  the  effect 
upon  tile  organic  world,  even  if  the  physical  circumatances  were  given. 
To  determine  the  physical  condition  to  which  a  given  state  of  the  earth 
would  give  rise,  I  have  already  noted  as  anotlier  very  difficult  problem. 
Yet  tiiese  two  problems  most  be  solve<l,  in  order  to  enable  us  to  judge 
of  the  sufficiency  of  any  hypothesis  of  the  extinction  of  species ;  and 
in  the  mean  time,  for  the  mode  in  which  new  species  come  into  the 
places  of  those  which  arc  extinguished,  we  have  (as  we  have  soon)  no 
hypothesis  which  physiology  can,  for  a  moment,  sanction. 

Sect.  7. — The  Imbedding  of  Organic  Remains. 

Thkbb  is  still  one  portion  of  tlie  Dynamics  of  Geology,  a  branch  of 
great  and  manifest  importance,  wliich  I  have  to  notice,  but  upon  which 
I  need  only  speak  very  briefly.  The  mode  in  which  the  spoils  of  exist- 
ing plants  and  animals  are  imbedded  in  the  deposits  now  forming,  is  a 
subject  which  has  naturally  attracted  the  attention  of  geologists. 
During  the  controversy  which  took  place  in.  Italy  respecting  the  fossils 
of  the  Sub-Apennine  hills,  Yitaliano  Donati,^'  in  1750,  undertook  an 
examination  of  the  Adriatic,  and  found  that  deposits  containing  shells 
and  corals,  extremely  resembling  the  strata  of  the  hills,  were  there  in 
the  act  of  formation.  But  without  dwelling  on  other  observations  of 
like  kind,  I  may  state  that  Mr.  Lycll  has  treated  ibis  subject,  and  all 
the  topics  connected  with  it,  in  a  very  full  and  satisfectoiy  manner. 
He  has  explained,"  by  an  excellent  eoUeotiou  of  illustrative  facts,  how 
deposits  of  various  substance  and  contents  are  formed  ;  how  plants  and 
animals  become  fossil  in  peat,  in  blown  sand,  in  volcanic  matter,  in 

"■  Lyell,  B.  I.  c.  iii.  p.  BT.  (41;li  ed.)  '=  B.  in.  o.  xiii.  xiv.  sv.  xvj.  xv!i. 
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alluvial  soil,  in  caves,  and  in  tlie  beds  of  lakes  and  seas.  This  exposi- 
tion is  of  the  most  instructive  character,  as  a  means  of  obtaining  right 
couclnsions  concerning  the  eauaea  of  geological  phenomena.  Indeed, 
in  many  cases,  the  similarity  of  past  effects  with  operations  now  going 
on,  is  so  complete,  that  they  may  be  considered  as  identical;  and  the 
discnsaion  of  such  cases  belongs,  at  the  same  time,  to  Geological  Dyna- 
mics and  to  Physical  Geology;  just  as  the  problem  of  the  fall  of 
raeteorolites  may  he  considered  as  belon^ng  alike  to  mechanics  and 
to  physical  astronomy.  The  growth  of  modern  peat-mosses,  for  exam- 
ple, fully  explains  the  formation  of  the  most  ancient :  objects  ai-e  buried 
in  the  same  manner  in  the  ejections  of  active  and  of  extinct  volcanoes; 
within  the  limits  of  history,  many  estuaries  liave  been  filled  np ;  and  in 
the  deposits  which  have  occupied  these  places,  are  strata  containing 
shells,"  as  in  the  older  formations. 

"  Lyell,  B.  jil  o,  xviL  p.  286.  See  alsohisAddrees  to  the  Geological  Society 
in  18S7,  for  an  ooconnt  of  the  liesearclieB  of  Mr.  Stoltea  and  of  Professor  Gop- 
pcct,  on.  the  lapidification  of  vegetables. 
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CHAFTEll  VII. 
Pkocrbss  or  Physicai,  Geoloo-y. 

Sect.  I. — Object  and  Distinctions  of  Physical  Geology. 

BEING,  in  conseqneiice  of  tlie  steps  which  we  have  attempted  to 
describe,  in  possession  of  two  sciences,  one  of  ^vhich  traces  the 
laws  of  action  of  known  causes,  and  the  other  desci'ihes  the  pheno- 
mena which  the  earth's  surface  presents,  we  are  now  prepared  to  ex- 
amine how  iar  the  attempts  to  refer  the  facts  to  their  causes  have 
been  successful :  we  are  ready  to  enter  upon  the  consideration  of 
Theoretical  or  Physical  Geology,  as,  by  analogy  with  Physical  Astro- 
nomy, we  may  term  this  branch  of  speculation. 

The  distinction  of  this  from  other  portions  of  our  knowledge  is 
sufficiently  evident.  In  foi-mer  times,  Geology  was  always  associated 
with  Mineralogy,  and  sometimes  confounded  with  it ;  but  the  mistake 
of  such  an  arrangement  must  be  clear,  from  what  has  been  said.  Ge- 
ology is  connected  with  Minei'alogy,  only  so  fer  as  the  latter  science 
classifies  a  large  portion  of  the  objects  which  Geology  employs  as 
evidence  of  its  statements.  To  confound  the  two  is  the  same  error  as  it 
would  bo  to  treat  philosophical  history  as  identical  with  the  knowledge 
of  medals.  Geology  procures  evidence  of  her  conclusions  wherever 
she  can ;  from  minerals  or  fi-om  seas ;  from  inorgauie  or  from  organic 
bodies ;  from  the  ground  or  from  the  skies.  The  geologist's  business 
is  to  learn  the  past  history  of  the  earth  ;  and  he  is  no  more  limited  to 
one  or  a  few  kinds  of  documents,  as  his  sources  of  information,  than 
is  the  historian  of  man,  in  the  execution  of  a  similar  task. 

Physical  Geology,  of  which  I  now  speak,  may  not  be  always  easily 
separable  from  Descriptive  Geology  :  in  fact,  they  have  generally  been 
combined,  for  few  have  been  content  to  describe,  without  attempting 
in  some  laeaaure  to  explain.     Indeed,  if  they  had  done  so,  it  is  proba- 
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11     that   tl         It  U  ]     e  been  far  leas  zealous,  and  their 

exj  OB  t  ona  fa  1  ss  mp  ^s  o  Wo  hj-  no  means  regret,  tlierefoix', 
the  mixt  a  of  these  t  vo  L  nds  of  knowledge,  which  has  so  often 
oc  Hired  but  still  t  is  our  bus  ne=s  to  separate  them.  The  Ti-orts  of 
aetronon  's  befo  e  the  se  of  so  nd  physical  astroBomy,  were  foil  of 
theories,  but  these  were  advantageous,  not  prejudicial,  to  the  progi-ess 
of  the  science. 

Geological  theories  liave  been  abundant  and  various ;  but  yet  oui' 
history  of  thetn  must  be  brief.  For  our  object  is,  as  must  be  home  in 
mind,  to  exhibit  these,  only  so  fer  as  they  are  steps  discoverably  tend- 
ing to  the  trite  theory  of  tlio  eariii :  and  in  most  of  them  we  do 
not  trace  this  charaetcr.  Or  rather,  the  portions  of  the  labors  of 
geologists  which  do  merit  this  praise,  belong  to  the  two  preceding 
divisions  of  the  subject^  and  have  been  treated  of  there. 

The  history  of  Physical  Geology,  considered  as  the  advance  towards  )i 
science  as  real  andstableasthose  which  wc  have  already  treated  of{aud 
this  is  the  form  iu  which  we  ought  to  trace  it),  Mtherto  consists  of  few 
steps.  We  hardly  know  whether  the  progress  is  begun.  The  history 
of  Physical  Astronomy  almost  commences  with  Kewton,  and  few  per- 
sons will  venture  to  assert  tliat  tte  Newton  of  Geology  has  yet  appeared. 

Still,  some  examination  of  the  attempts  which  have  been  made  is 
requisite,  in  order  to  explain  and  justify  tlie  view  which  tlie  analogy 
of  scientific  history  leads  us  to  take,  of  the  state  of  the  subject. 
Though  far  from  intending  to  give  even  a  sketch  of  all  past  geological 
speculations,  I  must  notice  some  of  the  forms  such  speculations  hare 
at  different  ti 


Seal.  2.~0f  F  neiful  9t  I  gifil  Off  mcts 

Real  and  permanent  geological  knowledge  like  all  other  phvsi'"al 
knowledge,  can  be  obtained  only  by  inductions  of  class  fication  and 
law  from  many  clearly  seen  phenomena  The  labor  (f  the  most 
active,  the  talent  of  the  most  mtdligont  are  requisite  for  such  i  pui 
pose.  But  iar  less  than  this  is  sufhcient  to  put  in  busy  opeiatijn  tht 
inventive  and  capricious  faricj  A  few  appearances  hastily  seen  an  3 
arbitrarily  interpreted,  are  enough  to  give  nse  to  a  wondrous  tale  of 
the  pasti  fall  of  strange  events  and  supernatural  agencies  Themytln 
logy  and  early  poetry  of  nations  affoid  buEBcient  evidence  oi  imn 
love  of  the  wondei'ful,  and  of  his  in\onti\e  pjwcrs  in  carlj  'itige'.  tJ 
intellectual  development.     Tht  t.  n.ntifii'  ta  ulti     n  th     fthpi  1    i  1 
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and  especially  tliat  part  of  it  ■which  is  requisite  for  the  imlaction  of  laws 
from  facts,  emerges  slowly  and  with  difficulty  from  the  crowd  of 
adverse  influeccea,  even  under  the  meat  iavorahle  circnmstaneea.  We 
have  seen  that  in  the  ancient  world,  the  Greets  alone  showed  tliem- 
selves  fo  possess  this  talent ;  and  what  they  thus  attained  to,  amounted 
only  to  a  few  sound  doctrines  in  aetronomy,  and  one  or  two  extremely 
impoifect  tmths  in  mechanics,  optics,  and  music,  which  their  succos- 
sore  were  imaWe  to  retain.  No  other  nation,  till  we  come  to  the  dawn 
of  a  better  day  in  modern  Europe,  made  any  positive  step  at  all  in 
sound  physical  speculation.  Empty  dreams  or  nsele^  exhibitions  of 
ingenuity,  formed  the  whole  of  their  essays  at  such  knowledge. 

It  must,  ther  f  Ipdtlyfpti  1  b   considered 

as  extremely  imp    h  11    th  t     y    f  th  t  h    1 1  at  an  early 

period,  have  a        dbjb         tnddt  tde  general 

traths,  such  as  ih    pi  il      ph         f        1  m  tim      h  ily  satisfied 

themselres  of  I  y  1  1  p  t     t  1  b      an  1  tl       ht      If  resem- 

blances ahonld  b    dia  d  b  tw       th    aa     t  f  a     ent  writerB 

Itld  n       fmd  th^hblty        11  cases,  the 

rt     ty      m    t,      th  t  th  d    tal  1  —that  the 

t    pm  tpt         tth         dd  y  but  is  one 

am  J       t        h  t  th    m         a]    bl    b  its  eiipres- 

oT  th      t    th     Tl        th       fth    E^oRs       11  not  intend 

thtthbe  lis  i  tpplt  prehead  it. 

TI  fth  thpkttlAmywhh  binds  all 

thgstgth  Id      tm        ttNtc  givittin,  because 

thyhd  bldt  tt  act       f  ovemed  by 

1  fl    t        th       tl    11  taq      ttj  anl    J      t 

I  mtthth  s,        mtlcocee,     timato  the 

p  hhwfidm^th  ta       ptg  the  changes 

hhth         th         flml  Th<u3i  when  they 

tilt  Ikd  btyflti         ithfy,  showing 

in  1  fg  Itydlhtl  l.fm  t  w  th  t  that  expense 
of  labor  and  thoi^ht  which  alone  can  render  it  legitimate. 

We  might,  therefore,  pass  by  all  the  traditions  and  speculations  of 
Oriental,  Egyptian,  and  Greek  cosmogony,  as  extraneous  to  our  subject. 
But  since  these  have  recently  been  spoken  of,  as  conclusions  collected, 
however  vaguely,  from  observed  facts,'  we  may  make  a  remark  or  two 
upon  them. 


■  Lyell,  B,  i.  o,  ii.  p.  S.  (4th  ed.) 
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Tlie  notion  of  a  soi'ies  of  creations  and  clostnictions  of  worlds,  which 
appears  in.  tlie  sacred  Yolume  of  the  Hindoos,  which  formed  part  of 
the  traditionary  lore  of  Egypt,  and  which  was  afterwards  adopted  into 
the  poetry  and  philosophy  of  Greece,  must  be  considered  as  a  mytho- 
logical, not  a  physical,  docti-inc.  When  this  doctrine  was  dwelt  upon, 
men's  ihoTights  were  directed,  not  to  the  terrestrial  facts  which  it 
seemed  to  explain,  but  to  the  attributes  of  the  deities  which  it 
illustrated.  The  conception  of  a  Supreme  power,  impelling  and  gnid- 
ing  the  progress  of  events,  which  is  permanent  among  all  perpetual 
change,  and  regular  among  all  seeming  chance,  was  readily  entertained 
by  contemplative  and  enthusiastic  minds ;  and  when  natural  phenomena 
were  refen-ed  to  this  doctrine,  it  was  rather  for  the  purpose  of  listen- 
ing its  impressiveness  upon  the  senses,  than  in  the  way  of  giving  to  it 
authority  and  support.  Hence  we  perceive  that  in  the  exposition  of 
this  doctrine,  an  attempt  was  always  made  to  fill  and  elevate  the  mind 
with  the  notions  of  marvellous  events,  and  of  infinite  times,  in  which 
vast  cycles  of  order  recurred.  The  "  great  year,"  in  which  all  celestial 
phenomena  come  round,  offered  itself  as  capable  of  being  calculated ; 
and  a  similar  great  year  was  readily  assumed  for  terrestiial  and  human 
events.  Hence  tiiere  were  to  he  brought  round  by  great  cycles,  not 
only  delnges  and  conflagrations  which  were  to  destroy  and  renovate 
the  earth,  hut  also  the  series  of  historical  occurrences.  !Not  only  the 
sea  and  land  were  to  recommence  their  alternations,  but  there  was  to 
be  another  Argo,  which  should  carry  waniors  on  the  first  sea-foray," 
and  another  succession  of  heroic  wars.  Looking  at  the  passag-es  of 
ancient  authors  which  refer  to  terrestrial  changes  in  this  view,  we  shall 
see  that  they  are  addre^ed  almost  entirely  to  the  love  of  the  marvel- 
lous and  the  inflnite,  and  cannot  with  propriety  he  taken  as  indications 
of  a  spirit  of  physical  philosophy.  For  example,  if  wo  tnm  to  the 
celehrated  passage  in  Ovid,'  where  Pythagoras  is  represented  as  assert- 
ing that  land  becomes  sea,  and  sea  land,  and  many  other  changes  which 
geologists  have  verified,  we  find  that  these  observations  are  associated 
with  many  fables,  as  being  matter  of  exactly  the  same  kind; — ^the 
fonntdn  of  Amnion  which  was  cold  by  day  and  warm  by  night;* — the 
waters  of  Salmacis  which  effeminate  men; — the  Olitorian  spring  which 
makes  them  loathe  wine; — the  Simplegades  islands  which  were  once 
moveable ; — the  Tritonian  Jake  which  covered  men's  bodies  with 
feathers ; — and  many  similar  marvels.    And  the  general  purport  of 

"  Virg.  Edoii.  i.  "  Met.  Lib,  it,  '  T.  303,  &e. 
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the  Tvliole  is,  to  countenance  the  doctrine  of  the  metempajchoais,  and 
the  Pythagorean  injunction  of  not  eating  animal  food.  It  is  clear,  1 
think,  that  iacta  so  introduced  must  be  considered  as  having  been  con- 
templated rather  in  the  spirit  of  poetry  than  of  science. 

We  must  estimate  in  the  same  mauuor,  the  very  remartahle  passage 
brought  to  light  by  M.  Elie  de  Beaumont,"  from  the  Arabian  writer, 
ISazwiri ;  in  which  we  have  a  represeatation  of  the  same  spot  of 
ground,  as  being,  at  successive  intervals  of  five  hundred  years,  a  city,  a 
sea,  a  desert,  and  again  a  city.  This  invention  is  adduced,  I  conceive, 
rather  to  feed  the  appetite  of  ■wonder,  than  to  fix  it  upon  any  reality  : 
as  the  title  of  his  book,  The  Marvels  of  Nature,  obviously  intimates. 

The  speculations  of  Aristotle,  concerning  the  exchanges  of  land  and 
sea  which  taJse  place  in  long  periods,  are  not  formed  in  exactly  the 
same  spirit,  but  they  are  hardly  more  substantial ;  and  seem  to  be 
quite  as  arbitrary,  since  they  are  not  confirmed  by  any  examples  and 
proofs.  After  stating,'  that  the  same  spots  of  the  earth  are  not  always 
land  and  always  water,  he  gives  the  reason.  "  The  principle  and  cause 
of  this  is,"  he  says,  "  that  the  inner  parts  of  the  eai-th,  Ete  the  bodies 
of  plants  and  animals,  have  their  ages  of  vigor  and  of  decline ;  but  in 
plants  and  animals  all  the  parts  are  in  vigor,  and  all  grow  old,  at  once : 
in  the  earth  different  parts  arrive  at  maturity  at  different  times  by  the 
operation  of  cold  and  heat :  they  grow  and  decay  on  account  of  the 
sun  and  the  revolution  of  the  stars,  and  thus  the  parts  of  tlie  c.irth 
acquire  different  power,  so  that  for  a  certain  time  tliey  remain  moist, 
and  then  become  dry  and  old ;  and  then  other  places  are  revivified, 
and  become  partially  watery."  We  are,  I  conceive,  doing  no  injustice 
to  such  speculations  by  classing  tliem  among  fanciful  geological 
opinions. 

We  must  also,  I  conceive,  range  in  the  same  division  another  class 
of  writers  of  much  more  modern  times ; — I  mean  those  who  have 
framed  their  geology  by  interpretations  of  Scripture.  I  have  already 
endeavored  to  show  that  such  an  attempt  is  a  perversion  of  the  pur- 
pose of  a  divine  oommnni cation,  and  cannot  lead  to  any  physical  trutii. 
I  do  not  here  speak  of  geological  speculations  in  which  the  Mosaic 
account  of  the  deluge  has  been  referred  to ;  for  whatever  en-ors  may 
have  been  committed  on  that  subject,  it  would  be  as  absurd  to  dis- 
I'egard  the  most  ancient  historical  record,  in  attempting  to  trace  back 
the  history  of  the  earth,  as  it  would  be,  gratuitously  to  reject  any  other 

'  Ann.  des  Sc.  Nat.  ssv.  38Q.  '  Meicorol,  i.  14. 
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source  of  information .  But  tlie  interprotations  of  tlic  accoiitili  of  tho 
creation  have  gone  further  beyond  tlie  limits  of  sound  philosophy :  and 
wlien  we  look  at  the  arbitrary  and  fantastical  inyeBtJons  by  which  a 
few  phrases  of  tJie  wiitings  of  Moses  have  been  moulded  into  complete 
systems,  we  cannot  doubt  that  these  interpretations  belong  to  the  pre- 
sent Section, 

I  shall  not  attempt  to  criticize,  nor  even  to  enumerate,  these  Scrip- 
tnml  Geologies, — Sacred  Theories  of  the  Earth,  as  Burnet  termed  his. 
Eay,  "Woodward,  Whiston,  and  many  other  persons  to  whom  science 
has  considerable  obligations,  were  involved,  by  the  speculative  habits 
of  their  times,  in  these  essays;  and  they  have  been  resumed  by  per- 
sons of  considerable  talent  and  some  knowledge,  on  various  occasions 
up  to  the  present  day ;  but  the  more  geology  has  been  studied  on  its 
own  proper  evidence,  the  more  have  geologists  seen  tJie  unprofitable 
character  of  such  labors. 

I  proceed  now  to  the  next  step  in  the  progress  of  Theoretical  Geo- 
logy. 

Sect.  3.-0/  Premature  Geological  Theories. 

While  we  were  giving  our  account  of  Descriptive  Geology,  the  atten- 
tive reader  would  perceive  that  we  did,  in  feet,  state  several  steps  in 
the  advance  towards  general  knowledge ;  but  when,  in  those  cases,  the 
theoretical  aspect  of  such  discoveries  softened  into  an  appearance  of 
mere  classification,  the  occurrence  was  assigned  to  the  history  of 
Descriptive  rather  than  of  Theoretical  Geology.  Of  such  a  kind  was 
the  establishment,  by  a  long  and  vehement  controversy,  of  the  lacf^  that 
tho  impressions  in  rocks  are  really  the  traces  of  ancient  living  things; 
such,  again,  were  the  division  of  rocks  into  Primitive,  Secondary,  Ter- 
tiary ;  the  ascertainment  of  the  orderly  succession  of  organic  remains ; 
tho  consequent  fixation  of  a  standard  series  of  formations  and  strata; 
the  establishment  of  the  igneons  nature  of  trap  i^ocks;  and  tie  like. 
These  are  geological  truths  which  are  assumed  and  implied  in  the  very 
language  which  geology  uses ;  thus  showing  how  in  this,  sa  in  all 
other  sciences,  tlie  succeeding  steps  involve  the  preceding.  But  in  the 
history  of  geological  theory,  we  have  to  consi  ler  the  wider  attempts 
to  combine  the  facts,  and  to  assign  them  to  their  causes 

The  close  of  the  last  century  produced  two  antagonist  theories  of 
this  kind,  which  long  maintained  a  fiei  e  ind  loubttul  '.tiug^le  ; — that 
of  Werner  and  that  of  Hutton :  the  one  tti  ii.  1  iVf?  tmno     from  its 
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ascribing  tte  phenomena  of  the  earth's  surface  mainly  to  aqueous 
agency;  tlio  other  Plutonian  or  Vulcanian,  hecsnse  it  employed  the 
force  of  subterraneous  fire  as  its  principal  machinery.  The  circumstance 
which  is  most  worthy  of  notice  in  these  remarhahle  e^ays  is,  the  endeavor 
to  give,  by  means  of  such  materials  as  the  authors  possessed,  a  com- 
plete and  simple  account  of  all  the  facts  of  the  earth's  histoiy.  The 
Saxon  professor,  proceeding  on  the  examination  of  a  small  district  in 
Germany,  maintained  the  existence  of  a  chaotic  fluid,  from  which  a 
series  of  universal  formations  had  been  precipitated,  the  position  of  the 
strata  being  broken  iip  by  the  Ming  in  of  subterraneous  cavities, 
in  the  intervals  between  these  depositions.  The  Scotch  philosopher, 
who  had  obseived  in  England  and  Scotland,  thought  himseK  justified 
iu  declaring  that  the  existing  causes  were  sufficient  to  spread  now  strata 
on  the  bottom  of  the  ocean,  and  that  they  are  consolidated,  elevated, 
and  fractured  by  volcanic  heat,  so  as  to  give  rise  to  new  continents. 

It  will  hardly  be  now  denied  that  all  that  is  to  remain  as  permanent 
science  in  each  of  these  systems  must  be  proved  by  the  examination  of 
many  cases  and  limited  by  many  conditions  and  circumstances.  Theo- 
ries so  wide  and  simple,  were  consistent  only  with  a  comparatively  scanty 
collection  of  facts,  and  belong  to  the  early  stage  of  geological  knowledge. 
In  the  progress  of  the  science,  the  "  theory"  of  each  part  of  the  earth 
.  must  come  out  of  the  examination  of  that  part,  combined  with  all  that 
is  well  established,  concerning  all  the  I'est ;  and  a  general  theoiy  must 
result  from  the  comparison  of  all  such  partial  theoretical  views.  Any 
attempt  to  snatch  it  before  its  time  must  fail ;  and  therefore  we  may 
venture  at  present  to  designate  general  theories,  like  those  of  Hutton 
and  Werner,  ss  pi'emature. 

This,  indeed,  is  the  sentiment  of  most  of  the  good  geologists  of  the 
present  day.  The  time  for  such  general  systems,  and  for  tlie  fierce 
wars  to  which  the  opposition  of  such  generalitiea  gives  rise,  is  probably 
now  paat  for  ever  ;  and  geology  will  not  E^ain  witness  such  a  contro- 
versy as  that  of  the  Wernerian  and  Huttonian  schools. 

Ah  wlian  two  tlack  clouds 

"With  heaven's  (irtilleiy  fraught,  eome  rattling  on 

Over  the  Caspian :  then  stand  front  to  front, 

Hovering  a  space,  till  winds  the  signal  blow 

To  join  their  dark  encounter  in  mid-nir. 

So  frowned  the  mighty  combatants,  that  hell 

Grew  darker  at  thoir  frown ;  bo  matched  they  stood : 

Por  never  but  once  more  was  either  lite 

To  meet  so  great  a  foe. 
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Tlie  main  points  reallj  affecting  the  progress  of  sound  tlieoretical 
geology,  will  find  a  place  in  one  of  the  two  next  Sections, 

[2nd  Edi]  [I  think  I  do  no  injustice  to  Dr.  Hntton  in  describing  his 
theory  of  the  eaith  as  prematttre.  Prof.  Playfaii-'s  elegant  work,  Illus- 
trations of  the  Huttonian  Theoi-y,  {1802,)  so  justly  admired,  contains 
manydoctiines  which  the  moreinature  geology  of  modern  times  rejects; 
snch  as  the  igneous  origin  of  chalk-flints,  siliceons  pudding  stone,  and  tli  u 
like;  the  universal  fonnation  of  river-beds  by  the  rivera  themselves;  aiid 
other  points.  "With  regard  to  this  last-mentioned  ijuestlon,  I  think  all 
who  have  read  Deluc's  ffeologie  (1810)  will  deem  his  refutation  of  Play- 
feir  complete. 

But  though  Hutton's  theoiy  was  premature,  as  well  as  Wemer'a, 
the  former  had  a  far  greater  value  as  an  important  step  on  the  road,  to 
truth.  Many  of  its  boldest  hypothesea  and  generalizations  have  become 
a  part  of  the  general  creed  of  geologists ;  and  its  publication  is  perhaps 
the  greatest  event  which  has  yet  ocoureed  in  tiie  progress  of  Physical 


CHAPTER  YIIT. 
The  Two  Antagosiht  DocnoNEs 


Sect.  1, — Of  the  Doctrine  of  Geological  Catastrophes. 

THAT  great  changes,  of  a  kind  and  intensity  quite  different  from  the 
common  course  of  events,  and  which  may  therefore  properly  be 
called  catastrophes,  have  taken  place  upon  the  earth's  surface,  was  an 
opinion  which  appeai-ed  to  be  forced  upon  men  by  obvious  facts.  Re- 
jecting, as  a  mere  play  of  fancy,  the  notions  of  the  destruction  of  the 
earth  by  cataclysms  or  conflagrationa,  of  which  we  have  already  spoken, 
we  find  that  the  first  really  scientific  examination  of  the  materials  of 
the  eaxth,  that  of  the  Sub-Apennine  hills,  Jed  men  to  draw  this  inference. 
Leonardo  da  Vinci,  whom  we  have  already  noticed  for  his  eai'ly  and 
strenuous  assertion  of  the  real  marine  origin  of  fossil  impressionsof  shells, 
also  maintained  that  the  bottom  of  the  sea  had  become  the  top  of  the 
mountain ;  yet  his  mode  of  explaining  this  may  perhaps  be  claimed 
by  the  modem  advocates  of  uniform  causes  as  more  allied  to  their 
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opinion,  tlian  to  tlie  doctrine  of  catastrophes.'  But  Steiio,  in  1669, 
approached  nearer  to  this  doctrine;  for  he  asserted  tJiat  Tuscany  must 
have  changed  its  iiicc  at  intervals,  so  as  to  acquire  six  different  configu- 
rations, by  the  suceessire  breaking  down  of  the  older  strata  into  inclined 
positions,  and  the  horizontal  deposit  of  new  ones  upon  them.  Sti'abo, 
indeed,  at  an  earlier  period  had  recourse  to  earthquakes,  to  explain  thi' 
occurrence  of  shells  in  mountains;  and  Hooke  pnblished  the  same 
opinion  later.  But  the  Italian  geologists  prosecuted  their  reseai'clies 
under  the  advantage  of  having,  close  at  liand,  large  collections  of  con- 
spicnous  and  consistent  phenomena.  Lazzaro  Moro,  in  1740,  attempted 
to  apply  tke  theoiy  of  earthqnakes  to  the  Italian  strata;  but  both  he 
and  hia  expositor,  Cirillo  Gienerelli,  inclined  rather  to  reduce  the  vio- 
lence of  these  operations  within  the  ordinary  course  of  nature,'  and 
thus  leant  to  the  doctrine  of  uniformity,  of  whicli  we  have  afterwards 
to  speak.  Moro  was  encouraged  in  this  line  of  speculation  by  the 
extraordinary  occurrence,  as  it  was  deemed  by  most  persons,  of  t&e  rise 
of  a  new  volcanic  island  from  a  deep  part  of  the  Mediten'anean,  near 
Santorino,  in  1Y07.'  But  in  other  countries,  as  the  geological  iacts 
were  studied,  tKe  doctrine  of  cataatroph.es  appeared  to  gain  ground. 
Thns  in  England,  where,  through  a  large  part  of  the  country,  tho  coal- 
measures  are  extremely  inclined  and  contorted,  and  covered  over  by 
more  horizontal  iragmentajy  beds,  the  opinion  that  some  violent  cata- 
strophe had  occurred  to  dislocate  them,  before  the  superincumbent 
strata  were  deposited,  waa  strongly  held.  It  was  conceived  that  a 
period  of  violent  and  destructive  action  must  have  succeeded  to  one  of 
repose ;  and  that,  for  a  time,  some  unusual  and  paroxysmal  forces  must 
have  been  employed  in  elevaidng  and  breaking  the  pre-existing  strata, 
and  wearying  their  fragments  into  smootli  pebbles,  before  nature  subsided 
into  a  new  age  of  tranc[uillity  and  vitality.  In  like  manner  Cuvier, 
from  the  alternations  of  fresh-water  and  salt-water  species  in  the  strata 
of  Paris,  collected  the  opinion  of  a  series  of  great  revolutions,  in  wkich 
"  the  thread  of  induction  was  broken."  Deluc  and  others,  to  whom 
wo  owe  the  first  steps  in  geological  dynamics,  attempted  carefully  to 
distinguish  between  causes  now  in  action,  and  those  which  have  ceased 
to  act;  in  which  latter  class  they  reckoned  the  causes  which  have 


'  ■'  Here  is  a  part  of  tlio  eortli  whioli  has  become  more  light,  and  wMcL  rises, 
while  the  opposite  pari  approaehea  nearer  to  the  centre,  and  what  was  tiie 
bottom  cf  the  sea  is  become  Hie  top  of  the  momitain. " — Venturi's  Leonardo  da 
Vinci. 

'  LyeU,  i,  S,  p.  6-1.  (4tii  cd,)  =  lb.  p.  60. 
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elevated  the  existing  continents.  Tliia  distinction  was  assented  to  by 
many  succeeding  geologists.  Tlie  forces  which  have  raised  into  tlie 
clouds  the  vast  chmnB  of  tlie  Pyrenees,  the  Alps,  t^e  Andes,  must  have 
been,  it  was  deemed,  somethitig  veiy  different  from  any  agencies  now 


This  opinion  was  farther  confirmed  by  the  apj  ei  a  ce  ot  a  c  plete 
change  in  the  forms  of  animal  and  vegetable  If  [  its  n^  t  om  on 
formation  to  another.  The  species  of  which  the  lemams  occurred 
were  entirely  different,  it  was  said,  in  two  success  ve  epochs  a  new 
creation  appeai-s  to  have  intervened ;  and  it  was  readily  bel  ov  d  that 
a,  transition,  so  enth'ely  out  of  the  common  co  irse  of  the  worl  1,  m  ght 
be  accompanied  by  paroxysms  of  meehan  ca]  ene  gy  buch  v  ews 
prevail  extensively  among  geologists  up  to  the  p  esent  time  for  stance 
in  the  comprehensive  theoretical  generalizations  of  Bl  e  de  Beau  n  nt 
and  others,  respecting  mountain  chains,  it  is  supposed  that  at  certa 
vast  intervals,  systuns  of  mountami,  which  may  be  eco^niz  1  by  th 
parallelism  of  course  oi  then  inclined  beds,  1  ve  lee  It  bed  and 
I,  lifting  up  with  them  the  aqueous  strata  1  1  J  ad  been 
mg  them  in  thi,  inters  eniiij^  pe  oh  of  t~inq  lit  int 
whicli  are  recognized  and  identited  by  means  of  tlieir  oi^mc  remains : 
and  according  to  the  adherents  of  this  hypothesis,  these  sudden  eleva- 
tions of  mountain-chains  have  been  followed,  agaim  and  again,  by 
mighty  waves,  desolating  whole  regions  of  the  earth. 

The  peculiar  bearing  of  such  opinions  upon  tlie  progress  of  physical 
geology  will  be  better  understood  by  attending  to  the  doalnne  of  uni- 
formity, which  is  opposed  to  them,  and  with  the  consideration  of 
which  we  shall  close  our  survey  of  this  science,  the  last  branch  of  our 
present  task. 

Sect.  2. — Of  the  Doctrine  of  Geological  JJnifoi-miUj. 

The  opinion  that  tlie  history  of  the  earth  had  involved  a  series  of 
catastrophes,  confirmed  by  the  two  great  classes  of  facts,  the  symptoms 
of  mechanical  violence  on  a  very  lai^e  scale,  and  of  complete  changes 
in  the  Mving  things  by  which  the  earth  had  been  tenanted,  toot  strong 
hold  of  tlie  geologists  of  England,  France,  and  Germany.  Button, 
though  he  denied  that  there  was  evidence  of  a  beginning  of  tie  pre- 
sent state  of  things,  and  refeiTed  many  processes  in  the  fonnation  of 
strata  to  existing  causes,  did  not  assert  that  the  elevatory  forces  which 
raise  continents  from  the  bottom  of  the  ocean,  were  of  the  same  order, 
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as  well  as  of  tlie  same  tind,  witli  the  volcanoes  and  earthqualces  which 
now  shake  the  sutfece.  His  doctrine  of  uniformity  was  founded  rather 
on  the  supposed  analogy  of  other  Jines  of  speculation,  than  on  the 
examination  of  the  amount  of  changes  now  going  on.  "Tho  Author 
of  nature,"  it  was  said,  "  has  not  permitted  in  His  woris  any  symptom 
of  infency  or  of  old  age,  or  any  sign  by  which  we  may  estimate  either 
their  future  or  their  past  duration :"  and  the  example  of  the  planetary 
system  was  referred  to  in  illustration  of  this.'  And  a  general  persua- 
sion that  the  champions  of  this  theory  were  not  disposed  to  accept  tho 
usual  opinions  on  the  subject  of  creation,  was  allowed,  perhaps  veiy 
unjustly,  to  weigh  strongly  against  them  in  the  public  opinion. 

While  the  rest  of  Enrope  had  a  decided  bias  towards  the  doctrine  of 
geological  catastrophes,  the  phenomena  of  Italy,  which,  as  we  have 
seen,  had  already  tended  to  soften  the  rigor  of  that  doctrine,  in  the 
progress  of  speculation  from  Steno  to  Geneteili,  were  destined  to  miti- 
gate it  still  more,  by  converting  to  the  belief  of  imiformity  ti-ansalpine 
geologists  wbo  had  been  bred  up  in  tJie  oatastrophist  creed.  This 
effect  was,  indeed,  gradual.  For  a  time  tlie  distinction  of  the  recent 
and  the  ta-tiary  period  was  held  to  be  mai'ked  and  sti'ong,  Brocchi 
asserted  that  a  large  portion  of  the  Sub-Apennine  fossil  shells  belonged 
to  a  living  species  of  the  Mediterranean  Sea :  but  tho  geologists  of  the 
rest  of  Europe  turned  an  incrednlons  ear  to  this  Italian  tenet ;  and  the 
persuasion  of  the  distinction  of  the  tertiary  and  the  recent  period  was 
deeply  impressed  on  most  geologists  by  the  memorable  labors  of 
Cuvier  and  Brongniart  on  the  Paris  basin.  Still,  as  other  tertiary 
depodts  were  examined,  it  was  found  that  they  could  by  no  means  be 
considered  as  contemporaneous,  but  that  they  foimed  a  chain  of  posts, 
advancing  nearer  and  nearer  to  the  recent  period.  Above  the  strata 
of  the  basins  of  London  and  Paiis,"  lie  the  newer  strata  of  Touraine, 
of  BourdoauY,  of  the  valley  of  the  Bonnida  and  the  Superga  near 
Turin,  and  of  the  basin  of  Vienna,  explored  by  M.  Constant  Prevost. 
Newer  and  higher  still  than  these,  are  found  the  Sub-Apeuuine  forma- 
tions of  Northern  Italy,  and  probably  of  the  same  period,  the  English 
"  crag  "  of  Norfolk  and  Suffolk.  And  most  of  these  marine  formations 
are  associated  with  volcanic  products  and  fresh-water  deposits,  so  as  to 
imply  apparently  a  long  train  of  alternations  of  corresponding  pro- 
cesses. It  may  easily  be  supposed  that,  when  the  subject  had  assumed 
this  form,  the  boundary  of  the  present  and  past  condition  of  the  earth 

'  Lyrfl,  i  4,  p.  9i.  "  Lyell,  Ut  «d.  vol.  Hi.  p.  31. 
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was  in  some  measure  otscured.  But  it  was  not  long  before  a  very 
able  attempt  was  made  to  obliterate  it  altogether.  In  1828,  Mr.  Lyell 
set  out  on  a  geological  tonr  through  Fraaice  and  Italy.'  He  had 
already  conceived  the  idea  of  classing  the  tertiary  groups  by  reference 
to  the  number  of  recent  species  which  were  found  in  a  fossil  state. 
But  as  he  passed  from  the  noiih  to  the  south  of  Italy,  he  found,  by 
communication  with  the  best  fossil  conchologists,  Borelli  at  Turin, 
<jluidotti  at  Parma,  Costa  at  Naples,  that  the  number  of  extinct  species 
decreased ;  so  that  the  Itet-mentioned  naturalist,  from  an  examination 
of  the  fossil  shells  of  Otranto  and  Calabria,  and  of  the  neighboring 
seas,  was  of  opinion  that  few  of  the  tertiary  shells  were  of  extinct  spe- 
cies. To  complete  the  series  of  proo^  Mr.  Lyell  himself  explored  the 
strata  of  Ischia,  and  found,  2000  feet  above  the  level  of  the  sea,  shells, 
which  were  all  pronounced  to  be  of  species  now  inhabitmg  the  Medi- 
terranean ;  and  soon  after,  he  made  collections  of  a  similar  description 
on  the  flanlis  of  Etna,  in  the  Tal  di  Noto,  and  in  other  places. 

The  irapvession  produced  by  those  researches  is  described  by  him- 
self.' "  In  the  course  of  my  tour  I  had  been  frequently  led  to  reflect 
on  the  precept  of  Descartes,  that  a  philosopher  shodd  once  in  his  life 
doubt  eveiythiag  he  had  been  taught ;  but  I  still  retained  so  much 
faith  in  mj  early  geological  creed  as  to  feel  the  most  lively  surprize  on 
visiting  Sortino,  Pentalica,  Syracuse,  and  other  parts  of  the  Val  di 
Noto,  at  beholding  a  limestone  of  enormous  thickne^  filled  with 
recent  shells,  or  sometimes  with  mere  casts  of  shells,  resting  on  marl 
in  which  shells  of  Mediterranean  species  were  imbedded  in  a  high  state 
of  preservation.  All  idea  of  [necessarily]  attaching  a  high  antiquity 
to  a  regularly-sti'atified  limestone,  in  which  the  casts  and  impressions 
of  shells  alone  were  visible,  vanished  at  once  from  my  mind.  At  the 
same  time,  I  was  struck  with  the  identity  of  the  associated  igneous 
rocks  of  the  Vai  di  Noto  with  well-known  varieties  of  '  trap '  in  Scot- 
land and  other  parts  of  Europe ;  varieties  which  I  had  also  seen  enter- 
ing largely  into  the  structure  of  Etna. 

"  I  occasionally  amused  myself,"  Mr.  Lyell  adds,  "  with  speculating 
on  the  different  rate  of  progre^  whicJi  geology  might  have  made,  had 
it  been  fiist  cultivated  with  success  at  Catania,  where  the  phenomena 
above  alluded  to,  and  the  gi-eat  elevation  of  the  modeiTi  tertiaiy  beds 
in  the  Val  di  Noto,  and  the  changes  produced  in  the  historical  era  by 
the  Calahrian  earthqnaies,  would  have  been  familiarly  known." 

"  Ist  e<l.  vol.  iii,  Pref,  '  Lyell,  lat  ed.  Pref.  s. 
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Before  Mr.  Lyell  entered  upon  his  journey,  lie  had  put  into  the 
hamls  of  the  printer  the  first  volume  of  his  "  Principles  of  Geology, 
being  an  attempt  to  explain  the  former  Changes  of  the  Earth's  Surface 
hy  reference  to  the  Causes  now  in  Operation."  And  after  viewing  such 
pheEomena  as  we  have  spoken  of,  he,  no  doubt,  judged  that  the  doc- 
trine of  catastrophes  of  a  kind  entirely  different  from  the  existing 
course  of  events,  would  never  have  been  generally  received,  if  geolo- 
gists had  at  first  formed  their  opioionB  upon  the  Sicilian  strata.  The 
boiindary  separating  the  present  from  the  anterior  state  of  things  ci-um- 
bled  away ;  the  difference  of  fossil  and  recent  species  had  disappeared, 
and,  at  the  same  time,  the  changes  of  position  which  marine  sti'ata  had 
undergone,  although  not  intenoi  to  tho  e  of  earlier  geological  periods, 
might  he  asciibed,  it  was  thought,  to  the  same  kind  of  eai-thquakea  as 
those  which  still  agitate  that  region  Both  the  supposed  proofs  of 
catastrophii-  tiinsition,  the  orgamcal  and  the  mechanical  changes, 
failed  at  the  same  time  ,  the  one  by  the  remo\a!  of  the  fact,  tho  other 
by  the  exhibition  of  the  cause.  The  powers  of  earthquakes,  even  such 
as  they  now  exist,  were,  it  was  supposed,  if  allowed  to  operate  for  an 
illimitahle  time,  adequate  to  produce  all  the  mechanical  effects  which 
the  strata  of  all  ages  display.  And  it  was  declared  that  all  evidence 
of  a  beginning  of  the  present  state  of  the  earth,  or  of  any  material 
alteration  in  the  energy  of  the  forces  by  which  it  has  been  modified  at 
various  epochs,  was  entirely  wanting. 

Other  circumstances  in  the  progress  of  geology  tended  the  same 
way.  Thus,  in  cases  where  there  had  appeared  in  one  country  a  sud- 
den and  violent  transition  from  one  stratiun  to  the  next,  it  was  found, 
that  by  tracing  the  formations  into  other  countries,  the  chasm  between 
them  was  filled  up  by  inteiinediate  strata ;  so  that  the  passage  became 
as  gradual  and  gentle  as  any  other  step  in  the  series.  For  example, 
though  the  conglomerates,  which  in  some  parts  of  England  overlie  the 
coal-measures,  appear  to  have  been  produced  by  a  complete  discon- 
tinuity in  the  series  of  changes ;  yet  in  the  coal-fields  of  Yorkshire, 
Durham,  and  Comberland,  the  transition  is  smoothed  down  in  such  a 
way  that  the  two  formations  pass  into  each  other.  A  similar  passage 
is  observed  in  Central-Germany,  and  in  Thuringia  is  so  complete,  that 
the  coal-measures  have  sometimes  been  considered  as  subordmatc  to 


Upon  such  evidence  and  such  arguments,  tho  doctrine  of  catastro- 
'  De  la  Beelie,  p.  414,  Mamia!. 
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plies  was  rejected  wjtli  some  contempt  and  ridicule ;  and  it  was  niain- 
taiaed,  that  the  operation  of  the  eansea  of  geological  change  may  pro- 
perly and  philosophically  be  held  to  have  been  umfoim  through  all 
ages  and  periods.  On  this  opinion,  and  the  grounds  on  which  it  has 
been  urged,  we  shall  mate  a  few  concluding  remarks. 

It  must  be  granted  at  once,  to  the  atlvocatea  of  this  geological 
uniformity,  that  we  are  not  arbitrarily  to  assmne  the  esistence  of 
catastrophe  The  degree  of  nniformity  and  continuity  with  which 
terremotive  forces  have  acted,  must  be  collected,  not  from  any  gratui- 
tous hypothesis,  but  from  tlie  facts  of  the  case.  "We  must  suppose 
the  causes  which  have  produced  geological  phenomena,  to  have  been 
as  similar  to  existing  causes,  and  ^  dissunilar,  as  the  effects  teach  m. 
We  are  to  avoid  all  bias  in  favor  of  powera  deviating  in  Jdnd  and 
degree  from  those  which  act  at  present ;  a  bias  which,  Mr.  Lyell  aasei'ts, 
has  extensively  prevailed  among  geologists. 

But  when  Mr.  Lyell  goes  farther,  and  considers  it  a  raeidt  in  a  course 
of  geological  speculation  that  it  rejects  any  difference  between  the  in- 
tensity of  existing  and  of  past  causes,  we  conceive  that  he  eira  no  less 
than  those  whom  he  censures  "  An  eai-nesi  mid  j  atient  tndeaiur  ti 
reconcile  the  formei  mdicotion  of  change,'"  with  any  restiicted  cla-ss 
of  causes, — a  habit  which  he  enjoins, — is  not,  we  may  suggest,  tie 
temper  in  which  science  ought  to  be  pursued  Tlie  effects  must  them 
selves  teach  ns  the  nituro  and  intensity  of  the  causes  whiuh  ha^e 
operated ;  and  we  are  in  danger  of  error,  if  we  seek  for  slow  and  shun 
violent  agencies  further  than  the  fiicts  naturally  direct  ns,  no  less  than 
if  we  were  parsimonious  of  time  and  prodigal  of  violence.  Tiine,  in- 
exhaustible and  ever  accumulating  hie  efficacy,  can  undoubtedly  do 
much  for  the  theorist  in  geology ;  but  Force,  whose  limits  we  cannot 
measure,  and  whose  nature  we  cannot  fathom,  is  also  a  power  never 
to  be  slighted :  and  to  call  in  the  one  to  protect  us  from  the  other,  is 
equally  presumptuous,  to  whichever  of  the  two  our  superetition  leans. 
To  invoke  Time,  with  ten  thousand  earthquakes,  to  overturn  and  set 
on  edge  a  mountain-chain,  should  the  phenomena  indicate  the  change 
to  have  been  sudden  and  not  successive,  would  he  ill  excused  by  plead- 
ing the  obligation  of  first  appealing  to  known  causes.'" 


"  Ljell,  B,  iv,  0.  i.  p.  328,  4th  ed. 

"  [2nd  Ed.]  [I  have,  in  the  test,  quoted  the  fourth  edition  of  Mr.  Lyetl's 
Frmciples,  in  whioli  he  recommends  '■  im  earnest  and  patient  endeaTOr  to  re- 
ooodle  the  former  indieations  of  change  with  the  evidence  of  gradual  mutalit'ii 
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In  truth,  we  know  causes  only  by  their  effects ;  and  in  order  U> 
learn  tlie  Battire  of  the  causes  which  modify  tlie  earth,  we  must  study 
them  through  all  ages  of  their  action,  and  not  select  arbitrarily  the 
period  in  which  wo  live  as  the  standard  for  all  other  epochs.  The 
forces  wiich  have  produced  the  Alps  and  Andes  are  known  to  us  by 
experience,  no  less  than  the  forces  which  have  raised  Etna  to  its  pre- 
sent height ;  for  we  learn  their  amount  in  hotlt  cases  by  theii  results. 
Why,  then,  do  we  make  a  merit  of  using  the  latter  case  as  a  measure 
for  the  former  S  Or  how  can  we  tnow  the  trne  scale  of  such  force, 
except  by  comprehending  in  our  view  all  the  fiictswhich  we  can  bring 
together? 

In  reality  when  we  speak  of  the  uniformity  of  nature,  are  we  not 
obliged  to  use  the  term  in  a  very  large  sense,  in  order  to  niafee  the 
doctrine  at  all  tenable  ?  It  includes  catastrophes  and  convulsions  of  a 
very  extensive  and  intense  kind;  what  is  the  Jimit  to  the  violence 
which  we  must  allow  to  these  changes  ?  In  order  to  enable  onrselves 
to  represent  geological  causes  as  operating  with  uniform  energy  through 
all  time,  we  must  measure  our  time  by  long  cycles,  in  which  repose 
and  violence  alternate ;  how  long  may  we  extend  this  cycle  of  change, 
the  repetition  of  ■whicli  we  express  by  the  word  unifc»~mity? 

And  why  must  we  suppose  that  all  our  experience,  geological  as 
well  as  historical,  includes  more  than  one  such  cycle  ?  Why  must 
we  insist  upon  it,  that  man  has  been  long  enough  an  observer  to  obtain 
tbe  average  of  forces  which  are  changing  through  immeasurable  time? 


now  in  progress."  In  Hie  sixth  edition,  in  that  whioh  ia,  I  presume,  the  cor- 
responding passage,  altTiongh.  it  ia  transferred  from  the  fouith  to  tiie  first  Bool; 
{R  j,  0.  siiL  p.  325)  he  reoomnjends,  inst«id,  "an  earnest  and  patient  inquiry 
how  far  geological  appearances  are  reconoileable  with  the  effect  of  changes 
now  in  progress."  But  while  Mr.  Lyell  his  thu'j  softened  the  advocate  b  olincae 
ter  in  his  language  in  this  passage,  the  transposition  which  T  have  noticed 
appears  to  me  to  have  an  opposite  tendenoy  Foi  in  tlia  former  edition,  the 
causes  now  in  action  were  first  deBcribed  in  the  second  and  third  Books  an  1 
the  great  problem  of  Geology,  stated  in  the  first  Book  wa  attempted  to  bt 
solved  in  the  fourth.  But  by  incorporating  this  fourth  Book  with  the  first 
and  thus  prefixing  to  the  study  of  existing  causes  arguments  against  the  beliet 
of  their  geological  inenflicienoy,  there  ia  an  appearance  as  if  the  author  wished 
hia  reader  to  be  prepared  by  a  previous  pleading  agtunst  tlie  doctrine  of  cata- 
strophes, before  he  went  to  the  study  of  eating  causes.  The  Doctrines  of  Cata- 
strophes and  of  Uniformity,  nnd  the  other  leading  questions  of  the  Patotlologi- 
eal  Sciences,  o.re  further  djaeussed  in  the  Philosophy  of  tke  Tndictivo  Saimces, 
Book  X,] 

Von.  II.— 8S. 
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Tlie  analogy  of  other  sciences  has  been,  r  f       J  t  t         y 

this  attempt  to  refer  tlio  whole  train  of  &cts  t  k  n  e>  T 
have  done  this,  it  has  been  said,  is  the  gloryrf  A  t  n  y  h  t 
no  hidden  virtnes,  but  explains  all  by  the  fo        f  g  a    t  t  h   h 

we  witness  operating  at  eveiy  moment.  But  It  a  L,  wl  th  t 
would  really  have  been  a  merit  in  the  foaadei  f  Phy  1  A  t  ny 
to  assume  that  the  celestial  revolutions  res  It  d  f   m  1    ted 

class  of  knowE  caixses?    When  Newton  first  att  mpt  I  to     jl   nth 
motions  of  the  moon  by  the  force  of  gravity  a   I  f  1  I  b      u     tl 
measures  to  which  he  referred  were  errone  us,        11   t  1        b 
philosophical  in  him,  to  insist  that  t!ie  diff     n     wh  1   h    f      1 
ought  to  be  overlooked,  since  otherwise  we  sh   dl  t        mp  11  d  to  g 
to  causes  otlicr  tiian  those  which  we  usually      tii  a  t   n       0 

was  there  any  praise  due  to  those  who  aasum  d  th       1    t   1  f  t 

b    th    sam    w  th  g       ty      th     th      t    those  who  assimilated  them 
tl       y    th     kn        1  m        t         till  the  calculation  of  the 

Iw         I  ttthf^f        tl     celestial  phenomena,  had 

1     ly         t        1        h  1    t  h    t      !     Wc  are  Bot  to  select  a 

Ins  wwllp        Itp         d        rselvea  that  it  woxild  hai*e 

bewtiamtt         tptidto  attempt  to  philoso- 
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P  bit   1         1  — as  th     t  ^j     f      past  condition,  from  which 

the  present  is  derived  by  causes  acting  in  time.  Is  there  then  no  evi- 
dence of  a  begmning,  or  of  a  progress!  What  is  the  import  of  the 
Nebular  Hypothesis  ?  A  Inminons  matter  is  condensing,  solid  bodies 
are  forming,  are  arranging  themselves  into  systems  of  cyclical  motion; 
in  short,  we  have  exactly  what  we  are  told,  on  this  analogy,  we  ought 
not  to  have ; — the  beginning  of  a  world.  I  will  not,  to  justify  this 
ailment,  maintain  the  truth  of  the  nebular  hypothesis ;  but  if  geo- 
logists wish  to  borrow  masims  of  philosophizing  from  asta-onomy,  such 
speculations  as  have  led  to  that  hypothesis  must  bo  their  model. 

Or,  let  them  look  at  any  of  the  other  provinces  of  palsstiologieai 
speciilalion  ;  at  the  history  of  states,  of  civihzation,  of  languages.   We 
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may  assume  some  rencniblance  or  connexion  between  tlie  principles 
which  determined  the  progress  of  government,  or  of  society,  or  of 
literature,  in  the  earliest  ages,  and  those  which  now  operate ;  but  who 
has  speculated  successfuUy,  asaniaing  an  identity  of  such  causes  1 
Where  do  we  now  find  a  language  in  the  process  of  formation, 
unfolding  itself  in  inflexions,  terminations,  changes  of  vowels  by  gram- 
matical relations,  such  as  characterize  the  oldest  known  languages  ? 
Where  do  we  see  a  nation,  by  its  natural  faculties,  inventing  writing, 
or  the  arts  of  life,  as  we  find  them  in  \h&  moat  ancient  civilized 
natjons  ?  We  may  assume  hypothetically,  that  man's  facilities 
develop  themselvra  in  these  ways ;  but  we  see  no  such  effects  pro- 
duced by  these  faculties,  in  our  own  time,  and  now  in  progress,  with- 
out the  influence  of  foreigners. 

Is  it  not  clear,  in  all  these  cases,  that  history  does  not  exhibit  a 
series  of  cycles,  the  aggregate  of  which  may  be  represented  as  a  nni- 
form  state,  without  indication  of  origin  or  termination  f  Does  it  not 
rather  seem  evident  that,  in  reality,  the  whole  course  of  the  world,  irom 
the  earliest  to  the  present  times,  is  but  one  cycle,  yet  unfinished ; — 
offering,  indeed,  no  clear  evidence  of  the  mode  of  its  beginning ;  but 
still  less  entitling  us  to  consider  it  ib  a  repetition  or  series  of  repetitions 
of  what  had  gone  before ! 

Thus  we  find,  in  the  analogy  of  tlio  sciences,  no  confirmation  of  the 
doctrine  of  uniformity,  as  it  has  been  maintained  in  Geology.  Yet  we 
discern,  in  this  analogy,  no  groimd  for  resigning  our  hope,  that  future 
researches,  both  in  Geology  and  in  other  patetiological  sciences,  may 
throw  much  additional  light  on  the  question  of  the  uniform  or  cata- 
strophic progress  of  things,  and  on  the  earliest  history  of  the  earth  and 
of  man.  But  when  we  see  how  wide  and  complex  is  the  range  of 
speculation  to  which  our  analogy  has  referred  us,  we  may  well  be  dis- 
posed to  pause  in  our  review  of  science ; — to  survey  from  our  present 
position  the  ground  that  we  have  passed  over ; — and  thus  to  collect, 
so  far  as  we  may,  guidance  and  encouragement  to  enable  us  to  advance 
in  the  tract  which  lies  before  us. 

Before  we  quit  the  subject  now  under  consideration,  we  may,  how- 
ever, observe,  that  what  the  analogy  of  science  really  teaches  us,  as 
the  most  promising  means  of  promoting  this  science,  is  the  strenuous 
cultivation  of  the  two  subordinate  sciences.  Geological  Knowledge  of 
Facts,  and  Geological  Dynamics.  These  are  the  two  provinces  of 
knowledge — corresponding  to  Phenomenal  Astronomy,  and  Mathema- 
tical Mechanics — which  may  lead  on  to  the  epoch  of  the  Newton  of 
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geology.  We  may,  indeed,  readily  believe  tliat  we  have  much  to  do 
in.  both  these  departments.  While  bo  large  a  portion  of  the  globe  is 
geologically  unexplored; — while  all  the  general  views  which  arc  to 
extend  our  classifications  satisfactorily  from  one  hemisphere  to  another, 
from  one  zone  to  anotlier,  are  still  unformed ;  while  the  organic  fossib 
of  the  tropics  are  almost  unknown,  and  their  general  relation  to  the 
existing  state  of  things  has  not  even  been  conjectured ;— how  can  we 
expect  to  speculate  rightly  and  securely,  respecting  the  histoiy  of  the 
whole  of  our  glohe !  And  if  Geological  Classification  and  Description 
are  thus  imperfect,  the  knowledge  of  Geological  Causes  is  still  more  so. 
As  we  have  seen,  the  necessity  and  the  method  of  constructing  a  science 
of  such  causes,  are  only  just  beginning  to  be  perceived.  Here,  then, 
is  the  point  where  the  labors  of  geologists  may  be  usefully  applied  ; 
and  not  in  premature  attempts  to  decide  the  widest  and  abstrusest 
questions  which  the  human  mind  can  propose  to  itself. 

It  has  been  stated,"  that  when  the  Geological  Society  of  London 
was  formed,  theif  professed  object  was  to  multiply  and  iveorJ  ol&eiTa- 
tions,  and  patiently  to  await  the  result  at  some  future  time ;  and  their 
fiivorite  maxim  was,  it  is  added,  that  the  time  was  not  yet  come  for  a 
General  System  of  Geology.  This  was  a  wise  and  philosopliical  tem- 
per, and  a  due  appreciation  of  their  position.  And  even  now,  their 
task  is  not  yet  finished;  their  mission  is  not  yet  accomplished.  They 
have  still  much  to  do,  in  the  way  of  collecting  Facts ;  and  in  entering 
upon  the  exact  estimation  of  Causes,  they  have  only  just  thrown  open 
the  door  of  a  vast  Labyrinth,  which  it  may  employ  many  generations 
to  traverse,  but  which  they  must  needs  explore,  before  they  can  pene- 
trate to  the  Oracular  Chamber  of  Truth. 


I  i!BjoiCB,  on  many  accounts,  to  find  myself  arriving  at  the  termina- 
tion of  the  task  which  I  have  attempted.  One  reason  why  I  am  glad 
to  close  my  history  is,  that  in  it  I  have  been  compelled,  especially  in 
the  latter  part  of  my  labora,  to  speak  as  a  judge  respecting  eminent 
philosophers  whom  I  reverence  as  my  Teachers  in  those  very  sciences 
on  which  I  have  had  to  pronounce  a  judgment ; — if,  indeed,  even  the 
appellation  of  Pupil  be  not  too  presumptuous.  But  I  doubt  not  that 
such  men  are  as  fiill  of  candor  and  tolerance,  as  they  are  of  knowledge 
and  thought.    And  if  they  deem,  as  I  did,  that  such  a  historj'  of 

"  Lyell,  B,  i.  c.  iv.  p.  10;j. 
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science  ought  to  be  attempted,  ihoy  iviil  know  that  it  was  not  only  the 
historian's  privilege,  but  hia  dutv,  to  estimate  the  import  and  amount 
of  the  advances  which  he  had  to  Earrate  and  jf  they  judge  aslfciust 
they  will,  that  the  attempt  has  been  maie  with  fiill  n  tegrity  of  mten 
tion  and  no  want  of  labor  they  will  looL  upon  the  me\]table 
imperfections  of  the  exeontion  of  my  wiiL  "sith  mdulgencp  -ind 
hope. 

There  is  another  soun-e  of  satisfwjtion  m  irnvrnj^  it  this  pomt  d 
my  lahoTs.  If,  after  our  long  wandenng  through  the  ri^  ou  ot 
physical  science,  we  were  left  mth  mrnds  unsatisfied  and  unraised  to 
ssk,  "  "Wliether  this  be  all '  — our  employment  might  well  I  e  deemed 
weary  and  idle.  If  it  appeared  that  ill  the  iist  laboi  anl  mtense 
thought  wMclt  Jias  passed  under  our  n,\icw  had  piodu  td  n  thing  but 
a  barren  Knowledge  of  the  external  Woild,  oi  a  few  Arts  ministermg 
merely  to  our  gratification;  or  if  it  seemed  that  the  methods  of 
arriving  at  truth,  so  successfully  applied  in  these  cases,  aid  us  not 
when  we  eome  to  the  higher  aims  and  prospects  of  our  being; — this 
History  might  well  be  estimated  as  no  less  melancholy  and  uuprofii^ 
able  than  those  which  narrate  tlie  wws  of  states  and  the  wiles  of 
statesmen.  But  such,  I  trust,  is  not  tlie  impression  which  our  survey 
has  tended  to  produce.  At  various  points,  tie  researches  which  we 
have  followed  out,  have  offered  to  lead  us  from  matter  to  mind,  from 
the  external  to  the  internal  world ;  and  it  was  not  because  the  thread 

f  tgt  Pied  hds,l:t  nth      b      us 

Idt         fi  les,fthp         tttlmtel  es, 

tl   t        d  d      t  p         I  1  t       bj    t     f      1  te  e&t     It 

11    ppear     1       I  t-u  t    tl    t  th    m    t  p   ■f    t  m  thod    t    bt 

p     It      t   th  — tk  tfwl    hl!i       hdto     Itth     es  It,— 
by         m  fi    d  t     th    1      t  w  thy      >j    t      1-  t  th  t  tl 

M  tt   1      f  1  It  Hv  t        th      h  til  y         t  ass  m 

iff       fc      1     t  e.  h  re  tempi  t  f      te      1 

1-j    t  1        1  wh  t      J        H    f  tl       1 1 

f  b  1  wll       pil       th  tt       f  p      1  t   ns    h        y  t 

t  1 1  m  y  th  gh  t  11  th  poss  bl  mpl  ym  ts  1 
minds.  To  he  able  to  trace  such  conneiions  as  this,  is  the  propei 
sequel,  and  would  be  the  high  leivard,  of  the  labor  which  has  been 
bestowed  on  the  present  work  And  if  a  peisuasion  of  the  reality  of 
such  connesions,  and  a  preparation  for  studjing  them,  have  been  con- 
veyed to  the  reader's  mind  while  he  has  been  accompanying  me 
through  our  long  survey,  his  time  may  not  have  been  eimployed  on 
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these  pages  in  vain.  However  vague  and  hesitating  and  obscure  maj' 
be  such  a  persuasion,  it  belongs,  I  doubt  not,  to  tlie  dawning  of  a 
better  Philosophy,  which  it  may  be  my  lot,  perhaps,  to  develop  more 
fully  hereafter,  if  permitted  by  that  Superior  Power  to  whom  all  sound 
philosophy  directs  our  thoughts. 
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BOOK    VIII. 

Acousncs. 


CIIAPTKH  III. 

Sound. 

The  Velocity  of  Sound  in  Wafer. 

THE  Science  of  ivliicli  tlie  history  ig  narrated  m  thie  Book  Ins  toi 
its  objects,  tlie  minute  Vibrations  of  the  parts  of  bodiet  sncli  as 
those  by  which  Sounds  are  produced,  and  thi"  piopcrties  of  Soundi 
The  Vibrations  of  bodies  are  t]ie  result  of  a  certain  tension  of  then 
structure  wliich  we  term  Elasticity.  The  Elasticity  determines  the  rate 
of  Vibration  :  the  rate  of  Vibration  determines  the  audible  note  :  tie 
Eljsticity  determines  also  the  velocity  witli  which  the  vibration  travels 
through  the  substance.  These  points  of  the  subject^  Elasticity,  Eate 
of  Vibration,  Velocity  of  Propagation,  Audible  Note,  are  connected  in 
each  substance,  and  are  different  in  different  substances. 

In  the  h' tory  of  th's  8  ■    cp         '1     d     t    d'  gt        t'-f  toy 
g         1  th      y  th   P    bl  m      ]    1  h         b        ly    ft      1  th        1 
e,to      pi       thpjtesfS       Ibyth        It  fth 

1 1      t     b    t  d  t       -plai    th  te 

1    ti   ty    f  tl        b  t      es         h   h  th  y 


ph  1      ph      b         xpl       d  th    ph 
th   TI  1  1  t  7  Th     y      d         1 11 

te        d  1  t         bj        aj       f  th 
Und  I  tmif  Tho}yf&       d 

fth    S  1th       pi      tl 

ki  d     f       h      d  1  t        lym 
p    f   m  d  by 


t  1    ht 


b   t        bj 
Optc 
d      1       by 


8d 
l^t    t}     f  th    Eth 

t    1-    t-u     t  lyp  n    1 

J,         1      y    t  1  a.t     f    11 
t  th      1    t    ty    f  tl        b    t 
es    f  m  tl        t  f  wh  m 


I  have  given  an  account  in  this  Book.     Hence  the  points  of  the  sub- 
ject already  inontionod  (Elasticity,  Vibrations  and  their  Propagations, 


d  by  Google 


600  ADDITIONS. 

IN't))  k  tllll  11  b 

pi  y  1         d  t  ^  til        tt  i  t  tl      N  t     m        1 

pi  y  I      d  t    m       g  th        1     ty    f  d       J  tli      I    t    t      t 

th       b    t  bt 

Cbl  d  d  til    W  }   ra    h  1  mad      ■d    11        p     m    tal      q 

h     bj    ts     L  t  m  pi  te      est     t  f  tli     k    1 

1        be  d    t  d     th  rJ   kdl  by  M  ^    -th  F 

t  h    h     d  tc  1  th       1     ty     th     h  h  It       1 

tbyake  Ppt  d  by  til    pas    aft 

h      gh  t     Th  tt       f  Ifh    It      t      th    m     thi 

f  gon  pp     ttb        tpply      1         tully         t      tip 

1  dfts  hi  ttlg  mitt 

tl    p  p       -Vj  1  th    gh  tl        t   d  1     1  ly   p      th    1      th    t 

th    p  1      t  1  I     1     1  11  1       e,        tb    b      Itli    t  th 

jp        1th      zefthmtlp 

Ifthppw         m      le,tlt         {        bt      wuldlDth 
tm  hi  btitlf  Ifthpptth 

a  1  tl      th        te  f        gi       1    gtl   (wh    h       d  te  1  by 

th     t  m       f     b    t      )  t  d      th  til        1     ty    f     b    t 

H    th     t       Ith  t  th       1     ty    f        b    t.        1        tl     I  1 
t         1157  net      ^  d 

BtMW-th  dththhdpn     11         byg 

al  m  th  m  t     1     as  m      tl  t  th      1     ty     th  wh  1         dt       1 
Imtedxp  fybtae,        tth        Itywth 

whhtt       'Igpp        lartpfH        m       bt  a. 

tl      q  oot    f  3  to  tl       JQ.  t    f         II  th        1      y    t 

soaad  in  sea-water  would  be  1454  metres  a  second.     The  velocity  of 
ROimd  m  air  is  832  mitres, 

M.  Wertieim  also  employed  the  vibrations  of  rods  of  steel  and  other 
metals  in  order  to  determine  their  mo  I  I  fit  /;/— that  is,  the 
([uantity  wliioh  determines  for  each  sul  ta  th  t  nt  to  which,  in 
virtue  of  its  elasticity,  it  is  compressed  d  p  d  d  by  given  pres- 
sures or  tensions.  For  this  purpose  h  d  th  d  to  vibrate  near 
to  a  tuning-fork  of  given  pitch,  so  that  b  th  tl  1  nd  the  tuning- 
fork  by  their  vibrations  traced  undulat  revolving  disk. 
The  curves  traced  by  the  two  could  be  compared  so  as  to  give  their 
relative  rate,  and  thus  to  determine  the  elasticity  of  the  substance. 

'  TraiU  ^AeincsHque,  1809.  '   WdUnlehre,  1862. 

'  Mimoires  de  Ph^figue  Micanigue.     Paris,  ISIS. 
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PHYSICAL    OPTICS. 


Photography. 

IHiVVE,  at  the  end  of  Chaptei"  si.,  stated  that  the  theory  of  ivliich 
I  have  endeavored  to  sketch  the  histoiy  professes  to  explain  only 
the  phenomena  of  radiant  visible  light ;  and  tliat  though  we  know 
that  light  has  other  properties — for  instance,  that  it  produces  chemical 
effects — these  arc  EOt  contemphvted  as  included  within  the  domain  of 
the  theoiy.  The  chemical  effects  of  light  cannot  as  yet  be  included 
in  exact  and  general  truths,  such  as  those  which  constitute  tiie  uudu- 
latory  theory  of  radiant  visible  light.  But  though  the  present  age 
liM  not  yet  attained  to  a  Science  of  the  chemistry  of  Light,  it  has 
been  enriched  with  a  moat  osquisite  Art,  which  involves  the  prmciplcs 
of  such  a  science,  and  may  hereafter  he  made  the  instrument  of  bring- 
ing them  into  the  view  of  the  philosopher.  I  speak  of  the  Art  of 
Pkotoffi-aphy,  in  which  chemistry  has  discovered  the  means  of  pro- 
ducing snifaces  almost  as  sensitive  to  the  modifications  of  light  as  the 
most  sensitive  of  o^anic  textures,  the  retina  of  the  eye ;  and  has 
given  permanence  to  images  which  in  the  eye  are  only  momentary 
impressions.  Hereafter,  when  the  laws  shall  have  been  theoretically 
established,  which  connect  the  chemical  constitution  of  bodies  with 
the  action  of  light  upon  them,  the  prominent  names  in  the  Prelndeto 
such  an  Epoch  must  be  those  who  by  their  insight,  invention,  and 
peiseverfinoe,  discovered  and  carried  to  their  pri^cnt  raaiTollons  per- 
fection the  processes  of  photogi'aphic  Art : — Niepce  and  Daguerre  in 
France,  and  our  own  accomplished  countryman,  Mr.  Fox  Talbot. 

fluorescence. 

As  already  remarked,  it  is  not  within  the  province  of  the  undulatory 
theory  to  explain  the  phenomena  of  the  absorption  of  light  which  take 
place  in  vaiions  ways  when  the  light  is  transmitted  through  various 
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mediums.  I  tiavo,  at  tho  ond  of  Cbaptei-  iii.,  given  the  leasons  wliicli 
prevent  my  assenting  to  the  asseirtion  of  a  special  analysis  of  liglit  by 
absorption.  In  tiie  same  manner,  with  regard  to  other  effects  pro- 
duced by  media  npon  light,  it  is  siifficient  for  the  defence  of  the  theory 
that  it  should  be  consistent  with  the  possibility  of  the  laws  of  pheno- 
mena which  are  observed,  not  that  it  should  explain  tJiose  laws ;  for 
they  belong,  apparently,  to  another  province  of  philosophy. 

Some  of  the  optical  properties  of  bodies  which  have  recently 
attracted  notice  appear  to  be  of  this  Idnd.  It  was  noticed  by  Sir  John 
Herschel,'  that  a  certain  liquid,  sTilphat«  of  quinine,  which  is  under  com- 
mon circumstances  colorless,  exhibits  in  certain  aspects  and  under  cer- 
tain incidences  of  light,  a  beautiful  celestial  bine  color.  It  appeared 
that  this  color  proceeded  from  the  surface  on  which  the  light  fii'st  fell ; 
and  color  thus  produced  Sir  J.  Herschel  called  epipolie  colors,  and 
spots  of  the  light  as  epipolked.  Sir  David  Brewster  had  previously 
noted  effects  of  color  in  transparent  bodies  which  ho  ascribed  to  inter- 
nal dispersion ;'  and  he  conceived  that  tho  colors  observed  by  Sir  J. 
Herschel  were  of  the  same  class.  Professor  Stokes'  of  Cambridge 
applied  himself  to  the  examination  of  these  phenomena,  and  was  led 
to  the  conviction  that  they  arise  from  a  power  which  certain  bodies 
possess,  of  changing  the  color,  and  with  it,  the  refrangibility  of  the 
rays  of  light  which  iall  upon  them :  and  he  traced  this  property  in 
various  substances,  into  variona  remarkable  consequences.  As  tHs 
change  of  refrangibility  always  makes  the  rays  less  refrangible,  it  was 
proposed  to  call  it  a  degradation  of  tlie  light;  or  again,  dependent 
emission,  because  the  light  is  emitted  in  the  manner  of  self-luminons 
bodies,  but  only  in  dependence  upon  the  active  rays,  and  so  long  as 
the  body  is  under  their  influence.  In  tliis  j'espeot  it  differs  from  phos- 
phorescence, in  which  light  is  emitted  without  snch  dependence.  The 
phenomenon  occurs  in  a  conspicuous  and  beautiful  manner  in  certain 
kinds  of  fluor  spar  :  and  the  term  Jluorescence,  suggested  by  Professor 
Stokes,  has  the  advantage  of  inserting  no  hypothesis,  and  will  probably 
be  found  tho  most  generally  acceptable.'' 

It  may  be  remarked  that  Professor  Stokes  rejects  altogether  the 
doctrine  tliat  light  of  definite  refrangibility  may  still  bo  compound, 
and  maybe  analysed  by  absorption.  He  says,  "I  have  not  overlooked 
the  remarkable  effect  of  absorbing  media  in  causing  apparent  c 


d  by  Google 


of  color  in  a  pure  spectrum ;  but  this  I  believe  to  be  a  svil)jeeti\c  plie- 
nomenon  depending  upon  contrast." 


CIIAPTKE  XIII. 
Undl'latory    Theohy. 

Direction  of  the  Transverse   Vibrations  in  Polarization. 

IN  the  eonelnsion  of  Chapter  xiii.  I  have  stated  that  there  is  a  point 
m  the  undulatoty  theory  whici  was  regarded  as  left  undecided  bj 
Young  and  Fresnel,  and  on  which  the  two  different  opinions  have  been 
maintained  by  different  iaathematioians;  rLamely,  whether  the  vibra- 
tions of  polarized  light  are  perpendicular  to  the  plane  of  polarization 
OP  in  that  plane.  Professor  Stokes  of  Cambridge  has  attempted  tu 
solve  this  question  in  a  manner  which  is,  theoretically,  exceedingly 
ingenious,  though  it  is  difficult  to  make  the  reqnisifo  experiments  in  h 
decisive  mauner.     The  method  may  be  briefly  described. 

If  polarized  light  be  diffracted  (see  Chap.  si.  sect.  2),  each  ray  will  he 
bent  from  its  position,  but  will  still  be  polarized.  The  original  ray  and 
the  diffracted  ray,  thus  forming  a  broken  line,  may  be  supposed  to  be  con- 
nected at  the  angle  by  a  universal  joint  {called  a  Sboke's  Joint),  such 
that  when  the  original  ray  turas  about  its  axis,  the  diffracted  my  also 
tarns  about  its  axis ;  as  in  the  case  of  the  long  handle  of  a  telescope 
and  the  screw  which  is  turned  by  it.  Kow  if  the  motion  of  the  origi- 
nal ray  ronnd  its  axis  be  nniform,  the  motion  of  the  diffracted  ray 
round  its  axis  is  not  nniform  :  and  hence  if,  in  a  series  of  cases,  the 
planes  of  polarization  of  the  original  ray  differ  by  equal  angles,  in  the 
diffracted  ray  the  planes  of  polarization  will  differ  by  unequal  angles. 
Then  if  vibrations  be  perpendicular  to  the  plane  of  polarization,  the 
planes  of  polarization  in  the  diffracted  rays  will  he  crowded  together 
in  the  neighborhood  of  the  plane  in  which  the  diffraction  takes  place, 
and  will  be  more  rarely  distributed  in  the  neighborhood  of  the  plane 
perpendicular  to  this,  in  which  is  the  diffracting  thread  or  gi-oove. 

On  making  the  experiment,  Pi-of,  Stokes  conceived  that  he  found, 
in  his  experiments,  such  a  crowding  of  tlie  planes  of  diffracted  polaii- 
zation  towards  the  plane  of  diffraction ;  and  thus  he  held  that  the 
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hypoUiesis  that  tlio  transverse  vibrations  ■wticli  constitute  polarization 
are  perpendicularly  transverse  to  the  plane  of  polarization  was  con- 
firmed.' 

But  Mr.  Holtamann,'  who,  assenting  to  the  reasoning,  has  made  the 
experiment  in  a  somewhat  different  manner,  has  obtained  an  opposite 
result ;  so  that  the  point  may  be  regarded  as  still  doiihtfuh 

Final  Disproof  of  the  Emission  Theory. 

iVs  I  have  stated  in  the  History,  we  cannot  properly  say  that  there 
ever  was  an  Emission  Theory  of  Light  which  was  the  rival  of  the 
TJndulatoiy  Theory  :  for  while  the  imdulatory  theory  provided  expla- 
nations of  new  classea  of  phenomena  as  fast  as  they  arose,  and  exhi- 
bited a  consilience  of  theories  in  these  explanations,  the  hypothesis  of 
emitted  particles  rec[uired  new  machinery  for  every  new  set  of  iacts, 
and  soon  ceased  to  he  capable  even  of  expressing  the  &cta.  The  sim- 
ple cases  of  the  ordinary  reflexion  and  reiraction  of  light  were  explained 
by  Newton  on  the  supposition  that  the  transmission  of  light  is  the 
motion  of  particles  :  and  though  his  explanation  includes  a  somewhat 
harsh  assumption  (that  a  refracting  surface  exorcises  an  attractive  force 
through  a  fixed  finite  space),  the  antliority  of  his  great  name  gave  it  a 
sort  of  permanent  notoriety,  and  made  it  to  be  regarded  as  a  standard 
point  of  comparison  between  a  supposed  "Emission.  Theoiy"  and  the 
undulation  theory.  And  the  way  in  which  the  theories  were  to  be 
tested  in  this  case  was  obvious  :  in  the  Newtonian  theory,  the  velocity 
of  light  is  inci'eaBed  by  the  refracting  medium ;  in  the  undulatory 
theory,  it  is  diminished.  On  the  former  hypothesis  the  velocity  of 
light  in  air  and  in  water  is  as  3  to  4  ;  in  the  latter,  as  4  to  3. 

But  the  immense  velocity  of  light  made  it  appear  impossible  to 
measure  it,  witliin  the  limits  of  any  finite  space  which  we  can  occupy 
with  refracting  matter.  The  velocity  of  light  is  known  from  astrono- 
mical phenomena ; — fiom  the  eclipses  of  Jupitei-'s  satellites,  hy  which 
it  appears  that  light  occupies  8  minutes  in  coming  from  the  sun  to  the 
earth  ;  and  from  tlie  aberration  of  light,  by  which  its  velocity  is  shown 
to  be  10,000  times  the  velocity  of  the  earth  in  its  orbit.  Is  it,  then, 
possible  to  make  apparent  so  small  a  difference  as  that  between  Jts 
passing  through  a  few  yards  of  air  and  of  water ! 

Mr.  Wheatstone,  in  1831,  invented  a  machine  by  which  this  could 

'  Oamh.  Trans.,  vol.  ix.  part  i.  1849.  =  Phil.  Mag.,  Peb,  ISoY. 
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1je  (lone.  His  object  was  to  determine  the  velocity  of  the  elccti'i!; 
shook.  Has  apparatus  coiisisted  in  a  Email  mirror,  tunuEg  with  great 
velocity  about  an  axis  which  is  in  its  own  plane,  like  a  coin  spinning 
on  its  edge.  The  velocity  of  spinning  may  be  made  so  great,  that  an 
object  reflected  shall  change  its  place  perceptibly  after  an  almost  incon- 
ceivably small  iraction  of  a  second.  The  application  of  this  oontii- 
vanoe  to  measure  the  velocity  of  light,  was,  at  the  suggestion  of  Arago, 
who  had  seen  the  times  of  tiie  rival  theories  of  lights  undertaken  by 
younger  men  at  Paris,  his  eyesight  not  allowing  him  to  prosecute  sucli 
a  task  himself.  It  was  necessary  that  the  mirrors  should  turn  more  than 
1000  times  in  a  second,  in  order  that  the  two  images,  produced,  one 
by  liglit  coming  through  air,  and  the  other  by  light  coming  through 
an  equal  length  of  water,  should  have  places  perceptibly  different. 
The  mechanical  difficulties  of  the  experiment  consisted  in  keeping  up 
this  great  velocity  by  the  machinery  without  destroying  the  machinery, 
and  in  transmitting  the  light  without  too  much  enfeebling  it.  These 
difficulties  were  overcome  in  1850,  by  M.  Fiaeau  and  M.  L6on  Foncault 
separately :  and  the  result  was,  that  the  velocity  of  light  was  found  to 
be  less  in  water  than  in  aii'.  And  thus  the  Newtonian  explanation  of 
refraction,  the  last  reronaiit  of  the  Emission  Theory,  was  proved  to  be 
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CHAPTER  III, 
The  Eelation  of  Vapour  and  Aik. 

Seel.  4. — ^orce  of  Steam. 

TTTF.  experiments  on  tke  elastic  force  of  steam  made  by  the  Frencli 
Academy  are  fitted  in  an  especial  manner  to  decide  tlie  queatJon 
between  rival  formnlEe,  in  consequence  of  the  great  amount  of  force  to 
which  they  extend ;  namely,  60  feet  of  mercury,  or  34  atmospheres : 
for  formulsB  which  give  results  almc«t  indistinguishable  in  the  lower 
part  of  the  scale  diveige  widely  at  those  elevated  points.  Mr.  Waters- 
ton'  has  reduced  both  these  and  other  experiments  to  a  rule  in  the 
following  manner  :~He  talres  the  zero  of  gaseons  tension,  determined 
by  other  experimenters  (Rudberg,  Magnus,  and  Kegnault,)  to  be  461° 
below  the  zero  of  Fahrenheit,  or  2'r4°  below  the  zero  of  the  centigrade 
scale ;  and  temperatures  reetoned  from  this  zero  he  calls  "  G  temperar 
tures."  The  square  root  of  the  G  temperatures  is  the  element  to  which 
the  elastic  force  is  referred  (for  certain  theoretical  reasons),  and  it  is  found 
that  the  density  of  steam  is  as  the  sixth  power  of  this  element.  The 
^reement  of  this  rule  with  the  specml  results  is  stritingly  close.  A 
like  rule  was  found  by  him  to  apply  generally  to  many  other  gases  in 
contact  with  their  liquids. 

But  M.  Eegnault  has  recently  investigated  the  subject  in  the  most 
complete  and  ample  manner,  and  has  obtained  results  somewhat 
different,"     He  is  led  to  the  conclusion  that  no  foi-mula  proceeding  hj 

'  Fhil.  Syam.  1352, 

''  lUm.  de  VInstUut,\cA,  3si,  (lait).     M,  Regnaiilt's  Meraoii'  occupies  761 
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A  power  of  the  temperature  can  represent  the  exjieiimeuta.  lie  also 
finds  that  the  rule  of  Dalton  (tiiat  as  the  temperatures  increase  in 
arithmetical  progression,  the  elastic  force  increases  ia  geometric  pro- 
gression) deviates  from  the  observations,  especially  at  high  temperatures. 
DaltOE's  rule  would  be  expressed  by  saying  that  the  variable  part  of 
the  elastic  force  is  as  a',  where  ( is  tlie  temperature.  This  failing,  M. 
Kegnault  makes  trial  of  a  foi-mula  suggested  by  M.  Eiot,  consisting  of 
a  sum  of  two  terms,  one  of  which  is  as  a',  and  tie  other  as  6' :  and  in 
this  way  satisfies  t!io  experiments  veiy  closely.  But  this  can  oidy  be 
considered  as  a  formula  of  interpolation,  and  lias  no  theoretical  basis. 
M.  Eoche  had  proposed  a  formula  in  which  tlie  force  is  as  «',  z  depend- 
ing upon  the  temperature  by  an  equation"  to  which  he  had  been  led 
by  theoretical  considerations.  This  agrees  better  with  observation  tiian 
any  other  formula  which  includes  only  the  same  number  of  coeffi- 
cients. 

Among  the  experimental  thermotical  laws  referred  to  by  M.  Keg- 
nault are,  the  Law  of  Watt,'  that  "  the  c[uantity  of  heat  which  is  requir- 
ed to  convert  a  pint  of  water  at  a  temperature  of  zero  into  steam,  is  the 
same  whatever  be  the  pri^sure."  Also,  tlie  Law  of  Southern,  tliat  "the 
latent  heat  of  vaporization,  that  is  the  heat  absorbed  in  the  passage 
from  the  liquid  to  the  gaseous  consistence,  is  constant  for  all  pui-posea  ; 
and  that  we  obtain  the  total  heat  in  adding  to  the  constant  latent  heat 
the  number  which  represents  the  latent  heat  of  steam."  Southern 
found  the  latent  heat  of  the  steam  of  water  to  be  represented  by  about 
950  degrees  of  Fahrenheit.' 

Sect.  6. — Temperature  of  the  Atmosphere. 

I  MAY  notice,  as  important  additions  to  our  knowledge  on  this  subject, 
the  results  of  four  balloon  ascents  made  in  1852,'  by  the  Committee  of 
the  Meteorological  Obaervatoi-y  established  at  Kew  by  the  British  Associa- 
tion for  the  Advancement  of  Science,  In  these  ascents  the  observei-s 
mounted  to  more  than  13,000, 18,000,  and  19,000  feet,  and  in  the  last  to 
22,S70 ;  by  which  ascent  the  temperature  fell  from  49  degrees  to 
nearly  10  degrees  below  zero ;  and  the  dew-point  fell  from  31°  to  12°. 
Perhaps  the  most  marked  result  of  tlicse  observations  is  the  following : — 


'  The  ec[uatioa  z  =  y— — r* 

'  See  Robison'a  Mechanical  FMlosopJuj,  vol,  ii.  p.  8 


°  Phil.  Trans.  1863. 


d  by  Google 


60s  ADDITIOJjfS. 

■The  temperature  of  the  air  decreases  nniformly  as  we  ascend  above 
the  earth's  surface ;  but  this  decrease  does  not  go  on  continuously.  At 
a  certain  elevation,  varying  on  different  days,  the  decrease  is  arrested ; 
and  for  a  deptJi  of  two  or  three  thonsand  feet  of  air,  the  temperature 
ittle,  or  even  increases  in  ascending.  Above  tHs,  the  dimi- 
i  taies  place  at  nearly  the  same  rate  as  in  the  lower  re- 
intermediate  region  of  undecreasing  temperature  extended 
in  the  various  ascents,  from  about  altitude  4000  to  6000  feet,  6500  to 
10,000,  2000  to  4500,  and  4000  to  8000.  This  interruption  in  the 
decrease  of  temperature  is  accompanied  hy  a  lai'ge  and  abrupt  fall  in 
the  temperature  of  the  dew-point,  or  by  an  actual  condensation  of 
vapor.  Thus,  this  region  is  the  region  of  the  clouds,  and  the  iuerease 
of  heat  appoaiis  to  arise  from  the  latent  heat  liberated  when  aqueous 
vapor  is  formed  into  clouds. 


nution 


CHAPTEE  IV. 
Theohies  Of  Heat, 

The  Dfnamical  Theory  of  Real. 


TTTAT  the  transmission  of  radiant  Heat  takes  place  by  means  of 
the  vibrations  of  a  medium,  as  the  transmission  of  Sound  certainly 
does,  and  the  transmission  of  Light  most  probably,  is  a  theory  which, 
as  I  have  endeavored  to  explain,  has  strong  arguments  and  analogies 
in  its  fevor.  But  that  Heat  itself,  in  its  essence  and  quantity,  is  Motion, 
is  a  hypothesis  of  quite  another  kind.  This  hypothesis  has  been 
recently  asserted  and  miuntained  with  great  ability.  The  docti-ine 
tlms  asserted  is,  that  Motion  may  be  eonverted  into  Heat,  and  Heat 
into  Motion ;  that  Heat  and  Motion  may  produce  each  other,  as  We 
see  in  the  rarefaction  and  condensation  of  air,  in  steam-engines,  and 
the  like ;  and  that  in  all  such  oases  the  Motion  produced  and  the  Heat 
expended  exactly  m.eaanre  each  other.  The  fonndation  of  this  theory 
is  conceived  to  have  been  laid  by  Mr.  Joule  of  Manchester,  in  1844 ; 
and  it  has  since  been  prosecuted  by  him  and  by  Professor  Thomson  of 
Glasgow,  by  experimental  investigations  of  various  kinds.  It  is  diffi- 
cult to  make  these  experiments  so  as  to  be  quite  satisfactory ;  for  it  is 
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difBcult  to  measure  all  the  heat  gained  or  lost  in  any  of  the  changes 
here  contemplated.  That  friction,  i^tation  of  fluids,  condensation  of 
gases,  conversion  of  gases  into  fluids  and  liquids  into  solids,  produce 
heat,  IB  undouhted ;  and  that  the  quantity  of  such  heat  may  be  mea- 
sured hy  the  mechanical  force  which  produces  it,  or  which  it  produces, 
is  a  generalization  which  will  very  litely  be  found  a  fertile  source  of 
new  propositions,  and  prohably  of  important  couseijuences. 

As  an  example  of  the  conclnsions  which  Professor  Thomson  draws 
from  this  doctrine  of  the  mutual  conversion  of  motion  and  heat,  I  may 
mention  his  speculations  concerning  the  cause  which  produces  and  sus- 
tains the  heat  of  the  suu,'     He  conceives  that  the  support   fth       la 
heat  must  be  meteoric  matter  which  is  perpetually  falling  t  w     Is  tl 
globe  of  the  sun,  and  has  its  motion  coaverfed  into  heat.     H    n  1  n 
to  think  that  the  meteors  containing  the  stores  of  enei^y  f     titm 
Sun-light  must  be  principally  witJiin  the  earth's  orbit ;  a   1  th  t  w 
actually  see  them  there  as  the  "Zodiacal  Light,"  an  illnminat  d  h  iv 
or  rather  tornado,  of  stones.     The  inner  parts  of  this  tornado  are 
always  getting  caught  in  the  Sun's  atmosphere,  and  drawn  to  his  mass 
hy  gi'avitation. 


'  Oe  tliB  lloeliameal  Eiiergies  of  ilie  Solar  Syetem.    Edijib.  Trans,  vol,  : 
parti,  (1864),  p.  61. 
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EKECTEICITY. 


GENERAL  KEMARKS. 


ELECTEICirr  in  the  form  in  whieh  it  was  originally  studied — 
Eranilinic,  frictional,  or  statical  electricity — has  been  so  com- 
pletely identified  with  electricity  in  its  more  comprehensive  foim — 
Voltaic,  chemical,  or  dynamical  electricity — that  any  additions  we 
might  have  to  make  to  the  history  of  the  earlier  form  of  the  subject 
are  included  in  the  later  science. 

There  are,  however,  several  subjects  which  may  still  be  regarded 
rather  as  branches  of  Electricity  than  of  the  Cognate  Science.  Such 
are,  for  instance,  Atmospheric  Electricity,  with  all  that  belongs  to 
Thunderstorms  and  Lightning  Conductors.  The  ohsorvation  of 
Atmospheric  Electricity  has  been  prosecuted  with  great  zeal  at 
vaiious  meteorological  observatories ;  and  especially  at  the  Observa- 
tory established  by  the  British  Association  at  Eew.  The  Aurora 
Borealis,  again,  is  plmnly  an  electi'ical  phenomenon;  hut  probably 
belonging  rather  to  dynamical  than  to  statical  electricity.  For  it 
strongly  affects  the  magnetic  needle,  and  its  position  lias  reference  to 
the  direction  of  magnetism ;  but  it  has  not  been  observed  to  affect  the 
electroscope.  The  general  feature  of  this  phenomenon  have  been 
described  by  M.  de  Humboldt,  and  more  recently  by  M.  de  Bravais ; 
and  theories  of  the  mode  of  its  production  have  been  propounded  by 
MM.  Biot,  De  la  Rive,  Kaemta,  and  othens. 

Again,  there  are  several  fishes  which  have  the  power  of  giving  an 
electrical  shoct : — the  torpedo,  tlie  gymnotus,  and  the  silunis.  The 
agency  of  these  creatures  has  been  identilied  with  electricity  in  the 
most  general  sense.  The  peculiar  energy  of  the  animal  has  been  made 
to  produce  the  effects  which  are  produced  by  an  electrical  discharge 
or  a  voltaic  current: — not  only  to  destroy  life  in  small  animals,  but  to 
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Jeflect  a  magnet,  to  make  a  magnet,  to  cle€oiiipose  ivater,  and  to  pro- 
duce a  spark. 

D    Fa  aday     \uw   of  St  t  cal  Jil -ctne  Inditction. 

According  ti>  the  theo  es  ot  ele  t  c  ty  of  JEpinus  and  Coulomb, 
which  in  th  s  Book  of  our  H  sto  y  "ire  eo-arded  a&  coiwtituting  a  main 
paii  of  the  progress  of  th  3  port  on  ot  ac  ence,  tho  pai'ticles  of  the 
electric  fluid  or  fl  ds  exert  for  ea,  att  wt  e  ind  repulsive,  npon  each 
other  in  stra  ght  1  es  at  a  distance  n  the  same  way  in  which,  in  tlie 
Jfewtoniaii  theory  i.f  the  unnerse,  the  paiticles  of  roatter  are  con- 
ceived as  exerting  attractive  forces  upon  each  other.  An  electrized 
body  presented  a  conducting  body  of  any  form,  determines  a  new 
arrangement  of  the  electric  fluida  in  the  conductor,  attracting  the  like 
fluid  to  its  own  side,  and  repelling  the  opposite  fluid  to  the  opposite 
aide.  This  is  Electrical  Induction.  And  as,  by  the  theory,  the  at- 
traction is  c^'eater  at  the  smaller  distances,  the  distribution  of  the  fluid 
upon  the  con  1    to  rtue  of  th  s  Induction  vrill  not  be  symmetiri- 

cal,  but  will  be  o  d  J  y  1  n  wl  ch  it  will  require  a  complex  and 
difficult  cal  ulat  o  t  1  term  n  — ^a  we  have  seen  was  tic  case  in  the 
investigations  of  C    lomb  I  iss       and  others. 

Instead  f  this  a  t  on  at  a  1  t  nee.  Dr.  Faraday  has  been  led  to 
conceive  Ele  t  al  I  du  t  0  to  b  the  result  of  an  action  taking  place 
between  the  el  t  z  I  body  an  1  the  conductor  through  linos  of  con- 
tiguous part  les  n  tl  e  mass  t  tl  b  nterraediate  body,  which  he  calls 
the  Dielectric.  And  the  irregnlaiitiea  of  the  distribution  of  the  elec- 
tiicity  in  th^e  cases  of  Induction,  and  indeed  the  existence  of  an 
action  in  points  protected  from  direct  action  by  the  protuberant  sides 
of  the  conductor,  are  the  causes,  I  conceive,  which  lead  him  to  the 
conclusion  that  Induction  takes  place  in  curved  lines'  of  such  contigu- 
ous particles. 

With  reference  to  this,  I  may  remark  that,  as  I  have  said,  the  dis- 
tribution of  electricity  on  a  conductor  in  the  presence  of  an  electrized 
body  is  bo  complex  a  mathematical  problem  that  I  do  not  conceive 
any  merely  popular  way  of  regarding  tho  result  can  entitle  na  to  say, 
that  the  distribution  which  we  find  cannot  be  explained  by  the  Cou- 
lombian  theory,  and  must  force  us  upon  the  assumption  of  an  action 
in  curved  lines  : — which  is,  indeed,  itself  a  theory,  and  so  vague  a  one 

'  Eaaearcli^s,  116S,  &a. 
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that  it  requires  to  be  made  mncli  more  precise  before  vm  can  say 
what  consequences  it  does  or  does  not  lead  to.  Professor  W.  Thonisoii 
has  arrived  at  a  mathematical  proof  that  the  effect  of  induction  on  the 
view  of  Coulomb  and  of  Faraday  must,  under  certain  conditions,  bo 
necessarily  and  universally  the  same. 

With,  regard  to  the  influence  of  different  Dielectrics  upon  Inductiou, 
the  inquiry  appears  to  be  of  the  highest  importajice ;  and  may  cei'- 
tainly  necessitate  some  addition  to  the  theory. 
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Heeent  Progress  of  Terreslriul  Maffiieltsm. 


n  .11  1!  i  Hi    I...J  a  Sonets  ,  tliL  auii-iiJ  I  i.>i  i  i 

hll  IKtM,  iht  magnetic  otseF^ations  imli    m  !  ' 

i'w^iicUi  siuio\s  of  \  inous  countries       \it  I  I 
1  H!«  s  tluou  oflerFcstiial  Mi^netism,  nit!  Ii  i 

ijiiircments  com^eming  the  obsenalions  to  bi  in  i  '  n 

MOixk  Witt  njgird  to  the  mora  recent  pto^irt 

Ilic  migiittn-olaaivitioii    miflc'niiln      ]  i  ti 

siiitme  bj  latiouB  poraoji  ,  m  I  i  n  lli  ( '  m  I  \  I  nti  li  i  lli  i  h  ui 
Ixen  ti  insmittcd  to  Woi  l\  i  li  \  li  i  du  \  li  n  it  ii  unj '  <  \  \\ 
I  Miml  SiihiiO  )H  tonstun,liij„  iiii^ii  l»  hmj  i  in  I  u  h  In  lli 
11  1  10  I  llowmg  tlic  coiutic  ol  iiiqimy  dcscubod  iii  lliu  |nitof 
111  hi  I  I  I  1  ijid  to,  thiso  maps  e\liibit  tlic  ilocliiiHtion,  mcliiintioii, 
111  I  lilt  II  it\  ci  iho  iiiafnctiofoaoai  even  point  of  tlio  earlli's  snr 
I  III  IJit  (.luves  wJiicii  ni'srk  equal  imoiiiih  uf  eicli  ot  flteso  three 
'Umcnh  (the  lines  <^  egi'o I  dedmuUon,  tndmaUon,  jiiul /ojre  — tlic 
liOffonal,  tlio  tsodinal,  oiwl  the  twt'i/ 1  <  )iiii  ,)  m  in  tluii  ^<  ii'>uil 
toim,  comjikt  and  itie^iiiar,  iinl  il  ii  i     I       n  \w 

tion  (tlio  f>cta  being  agreed  upon)     I  rt 

thfit  tUey  indicate  four  poles.,  as  11  il  I  I  iK 

tfto  poles,  ^8  Oanss  a^aerts      l!ie  »i  i'  '  " 

il  \,o  ilran  magnetic  mendiiins     ll    i  ^si! 

llio  dnei,tioii",  or  pointmgi,  ot  tlic  mi  if' 

'  These  ninis  arc  publislieil  in  Mr.  Kcitlt  Jahnstone'ii  Physkal  Alias. 
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the  soiilli,  lill  ivi..  HUM  il  (lie  poiiils  ot  cori\u„'uiK  ol  til  lliui 
<iH'cctioiis;  for  tl.ci^  .,0  onlj  t«o  ,uUt  pul.  ,  oul  lu  ih.  A.U.o  .ml 
oimiii  the  Antarctic  legion  lint  in  coLisc<|Uf  ii< ,  ol  ll.c  mo  uliiili 
of  the  magnetic  constitution  of  the  cnilh,  ii  ^^^.  UXw  the  nnhnation 
of  the  magnetic  forco  round  tl.o  earth  on  any  p.iallel  ol  latiUidu  «o 
find  that  it  has  two  maxm"  and  two  mmm^  u  if  there  were  fom 
magnetic  poles.  Iho  i'fod)n'tmic  map  is  a  mv.  ptcscntntion  of  th< 
fiicts  of  this  aubjca,  the  hM  having  boon  constiuctcd  l.j  t'obnol 
babmc  in  183^, 

I  have  stated  also  that  tlio  nia^-nclp    iln^nul     itiuhiiliM    lu   to 
bo  observed  lu  such  a  inaniiera',  to  liiiiL     ]  in,  / 

cal,  their  secular,  and  tlicir  j?  regvl-i,  i  i  | 

servations  made  at  loionto  in  Caif^d  i  ,  , , 

DiemeH's  Land,  two  stations  at  cfjiiil  I   i 

ike  osrth,  and  also  at  St   Ilclfii  i,  a    m  i 

Um  diseossed  by  Gfiienl  feabinf,  (  ill,  „ 

!if  labor  approaching  to  that  tinpl.nf  (  ii|»ti,  r.ainttru  r  i  ui 
mmmil  obsen-atioiH  And  the  m«!h  have  been  citrioii  ,ii  I  nn.  \ 
ppiUi<i. 

'ae<leeiination  was  flr^t  e-vinmipd'     thii  im   i        ,         ,       t 
m  we  bftvo  ah'eady  been  (p  232),  h  ibh   b,.tU  i  , 

niitiiial  inequality;  and  aiso  toiru^iihi  pt  jEiiiltili 
tcriacd  magnetic  stonns     Now  li  ««    i  n,  i  q,  i 
went,  on  increasing  gradually  tnd  m     I 
to  become,  at  the  end  of  thit  time,  il 
at  llio  beginning  of  it     A  m  n  m  u  i  h 

appeared  to  bo  eleailj  estal  It  I        i  •^^    ^ 

of  Munich,  had  alroad)  roinii  ,  liiiiioil'ii 

Ihe  diurnal  varialion  of  thf    I.    I,  ,    ,  ,     ,       n        i  ,    ,l„ij,t,u,| 

of  tUo  period  from  ni.numnu  to  m  .Mmnm  U,..^  .bont  hvc  yea.^ 
ai«E  Uicrofore  the  wbolo  poiiod  ibont  fen  > eai-.  Tlio  ^^nic  coiidosion 
WHS  found  to  follow  still  more  dccidedU  f.om  Iho  ol.senations  of  tie 
(Up  and  intensity. 

Tliis  period  of  ten  jcais  hid  no  la.nili  it  meaning  m  aetionomv  ,  and 
If  nonis  such  had  been  found  foi  It  it  <  imiii»i  i  tnu  n.  tic  pcnod 
must  liave  been  rcgaided,  i 


II  tic  pcnod 

fragm<a»tary  fact.    But  it  in|  ]  '     ,  '  .  ,pj,(,^J 


world  was  made  aware  of  tin 


I  phono 


'  Phil,  rmw*  18fl2  ana  18Dt.  /=^,;  j^^n^  i^gg  ,,  ^ 
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iiiiiiioii  \i  liioli  iiu  otic  would  have  guessed  to  be  coinieclod  witii  tores- 
trial  niagiietisiii,  tmniely,  the  spots  in  the  Siui.  U.  Scliwabe,  of 
Dessau,  liad  observed  tlie  Sim's  disk  with  iiiimoiisc  perecvcvnticc  for 
•24.  jeais : — often  examining  it  more  than  300  diijs  in  {]u:  \<.-,if  ■  and 
had  foiiiid  that  tlio  spots  lmd,ns  to  tlieir  (|i»;(riii\  jn.l  ii'iiuii,,,-  a 
■  pododical  cliaraeter.  The  yeiirsof  maiiiimiiii  a,  i  ■ -,  ,  .  ,  isiih 
ill  which  tbcm  were  respectivolj-  226,'  282,  H;tu  r."-"]  -  .>i  -[  I'l-.  Thu 
miwilliUin  years,  1833,  1843,  had  only  33  and  3i  such  gro\i[>s.  This 
eiidom  &ct'  was  first  nwde  pnbiic  by  M.  da  Humboldt,  in  the  thiwi 
volAim  of  his  Xos>m3  (1850).  TJio  coincidonco  of  the  periods  and 
epochs  of  these  two  classes  of  faets  was  poi»ted  out  by  General 
Sabine  in  a  Memoir  proaented  to  the  Koyal  Society  in  Mareb,  18S2. 

Of  coniw  it  was  natural  to  suppose,  cvon  before  this  discovery,  that 
,the  diurnal  and  aiiinml  inequalities  of  the  m^neMo  element  at  mt\\ 
T>laee,dcpBnd  upon  tho  action  of  tlio  bud,  in  some  way  or  othor. 
.  Dr..  Faraday  had  endeavored  to  point  oHt  how  the  eft'Ml.  of  Oiesolur 
liimt  upon  the  atniosphcro  would,  according  to  the  known  relations  of 
heat  and  una^etbni,  explain  many  of  the  phenomena;  But  this  new 
feature  of  ffie  phenomena,  tlmir  quiaqiienDial  inereaso  and  doereaxe, 
makes  MS  doubt  whether  sach  an  esplanatioti  onn  really  fee  the  true 

Of  tlie  malar  changes  in  the  magnetic  elements,  not  much  mora  is 
knoivn  Ihau  was  known  some  years  ago.  These  ehanffi'ii  im  t:n  lint 
tlLcic  ljro.>:  hro,  imporfcetly  known,  and  thtiir  n-        ■    -  ■  u^tiec- 

tuici.     }.\.  I  Suii-lecn,  in  a  recent  memoir,"  say-  i  -„i  of 

lhi>  iucliiutliisji  ^'ocs  on  progressively  dimiufshiiiif.  W  -A-.  -...  [,,'.-.  ijit« 
of  decrease  appeal's  to  be  at  present  nearly  unilbrni.  Wv.  canjwthcli) 
conjcctiiriug  that  the  sun,  which  lias  so  plain  a  connexion  with  the 
diurnal,  annual,  and  occasional  nioveniciita  of  the  neodle,  nnisl  also 
have  some  coniioxion  with  its  secular  movements, 

In  1840  the  obscri-ations  made  at  various  places  had  to  a  great 
o)it««t  enabled  Gauss,  in  connexion  witli  Wj  Wobcr,  to  apply  his 
Tlie.iiy  |.i  tin:  actual  condition  of  the  Earth  ;'  and  ho  cfdculated  the 
li.cliriMioii,  Inclination,  and  Intensity  at  above  100  pincca,  and  found 


'  III  183!  tUero  woro  888, 

'  Tho  obserrotions  np  to  lUi  ware  piibliaUod  in  Fosgenaoi'fs  Anruihu. 

'  9,t<6  K.  Jchnrtono'a  rhysieal  Allm. 

'  Atlas dfsMnhnagmnmuiKWK-hdciiEkmfnlmdir'rhcofiQEHliBOrfm.    S 
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the  agi'ecrticnt,  as  lie  s,i_V!^  ?m-  beyond  Jiis  liopp.s.     Tliey  show,  lie  says, 
that  tlio  Tlicorv  i:omoa  near  to  tho  TraEli, 


Oonvction  of  jSAyw*  Compasses. 

TIic  magnetic  needlo  liad  betorao  of  iinpoitaiicc  when  it  wai  IohikI 
tJiat  it  iilways  pointed  to  tboNoiO  "^  i  tM  f  f  il  1  nttu  cf 
magnetism  lias  had  it^  events  rcflc  i   1  i\     iti  i 

Tbo  change  of  the  deehmtion  an  ii  t    i  f    I 

the  compaaiona  of  Col  imbut      Up  1  t! 

chnjigo  was  the  object  of  tho  lojm  jt  il  il  1 

with  ttp  "tniost  energy  in  tho  Ai  tio  a  tl  Ant 
toi«  wjp  to  tlio  present  time     Pr  jl  il  ly  tho  dej 
d«olination  upon  place  Js  HOW  kno  ^n  w  II  tn      1 
navigation,    lint  a  nav,  toureo  of  difli<,iilty  ha 
into  vi«w ;  the  eii'eot  of  tho  iron  m  tho  ship  u]  i 

tlsis  hsis  gone  on  increasing  as  guns,  cables 
made  of  iron ;  ihon  steim  en^aea  «iUi  fimnt  1 
hayu  been  added ;  and  finally  the  whole  ship  ) 
How  mn  the  compa'^  bo  truatfl<l  in  such  eases 

I  have  already  sai  1  m  the  hstori  that  Mr  BarluH  pioj 
rmi  the  error  of  the  compass  by  placit^  near  to  tho  eon  5 
jslati',  which  fi-oni  its  [  lox  inity  to  tht       1  1 1 

injignHtically  tho  ■\\lolu  cftcct  (\  tli 
This  correction  was  J  ot  elTcU  al  1 
pkto  and  of  tho  Bliip  do  not  ch  1 1     11 

ing  to  tho  same  Ian,  inth  the  chai  ,0     I   1      '  I   (     l  1    tin 

stated  that  Mr.  Airy  devised  otiui  jiioana  of  corrtclmg  tlio  onoi  I 
may  add  a  few  words  on  tho  s  ibjict  foi  the  snbjcit  has  been  AirOicr 
O-vaniiiicd  by  Mr  Aiiy'  and  by  othora 

It  ippoaio,  bj  uiithemalKal  RTJomnj!;,  that  tho  niigiietio  cftcct  of 
till"  iron  m  a  ship  may  bo  le^ardid  tspivi  iii'-nii'fMol  11  h of  doM-iIit  11 
which  aio  added    together, — t    "j   I  ]  ]    h 

ch  «!^9  fioitt  positive  to  negative  s'i  11 
a  lion/  ntil  ruohifion,  pisses  fmm 

"qiulrintal  doiaiion, '  wht  li  (li  |  1        ,,u\     ,  iIk 

Iteoi  ttimstrom  quadiant  f  >   1     '  ^  "  »  deviation  may  bo 

remedied  completely  by  a  m  i  „  .nplaccdonaievil 


d  by  Google 


MAGNETE.-i.M.  6W 

\  itil   lliK        irl|  1     ,  iilliil   iij  ill      ,fli,    ul   III,    lin,    ,,   111  111,    I    ,       ,1,  I    itl 

bo  com    II 

I      I  I      I  lilu.li        I    1   il    t|i|,   ,1     fliil  \h,      I  vHiiu),    ni  , 

I  >  liitisrii  inUcroitt  in  flu,  mttcnah  of  tlio  i-luji,  not 

I  liaiige  of  inagiiotie  poiji*ioii,  itml  p«tl%  fi  .in  flu 

I  1  iiiignctisiu  upon  tlic  thtyS  iion     But  ttio  ciion 
I  I    oiiices  liny  bo  remediod  by  adjusting,  at  a  nm 

I  II  u'iot  tlio  coricctnoniagnofs. 

Jjji  iiilii  uni  111  i^oietism  of  tlio  ship,  of  wJiicli  1  ha\o  spoken,  ninj 
bo  mucti  affected  hy  the  position  in  which  tho  sliip  was  built ;  nnd 
may  chniige  from  timo  to  tiuio  j  for  instance,  by  tjio  effect  of  tho  bat- 
fairiiig  of  the  waves,  and  otbes  causes.  Hence  it  is  calM  !>y  'Ste.  Xhy 
"  ■*ub-|)Gi'imment  raagnotimii  ' 

Anotlier  motbod  of  corieeting  tbo  errors  of  a  sliip's  coiniKi.-s  hsu^ 

I       '  >  i       '       ^1^  «'>ed  to  soino  extent;  namely,  by  smlni/iii^  tiie 

)     )  to  liU  jjoints  of  azImuA,  aiid  this  eoiistructitig 

L>  oi  s  for  that  partieolar  ship.    But  to  tliis 

1   I  tbit  iho  TaUo  l«9(a  ifa  vahw  in  ti  now  inagnetic 

i  ititudi-  jiiuth  Jiiuie  than  tiio  conxiction  by  inngncts  does ;  besides  the 

mooiiYcnionira  of  fetcoiing  a  ship  by  a  Table. 
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VOLTAIC!  ELEOTRICITY. 


PAEADAY'S  discotci)  that,  ni  comlimatiOBS  like  tho  i  iii  nln  !i   . 
iolHic  oiurent«a5  known  tu  pro  ill  i   in  tfi  m,  linMnij  i  ■nil  |ii. 
lium  a  voltaic  ouiroiit,  lialnmlK  ■     n    i  j    :     ,}„  m     tli 

iiHitiiic  moil  of  tuFope     Tin     nu  nni  \  i 

piijiiniumcBtcd  by  letter' to M  Hi. in  m]   i    1-   i 

md  t^pcunieiifihaiiiigthcltkc  iCMilw  M  i    inuhniMi  ]iiili,ij\  MM 
Bctquciei  and  Am^icrc  at  Pfiii%  and  51^f  Kobih  and    VntiMori  it 

U  was  tiatural  also  tiial  in  a  caso  in  ftliieh  tlio  ioUlioii»  <A  4mh<(^ 
winch  dotcn  lino  tlio  results  are  ao  coinplicated,  Oifieroni  |>liiIogopliei% 
bUouU  look  at  fheiii  in  different  ways,  Tlioro  had  been,  ffoiii  tlietirat 
dwo»  ei)  by  Oentcd  of  the  effect  of  a  voltaic  current  upon  u  mngmt, 
two  mal  mclhodaof  legaiding  tlio  fict'i  Flcdin,  jmd  magnetic  line 
exeit  an  eftoit  to  place  thcDiM^cs  ttansur-io  to  cacli  otliti  {t.u 
cliapUi  n  of  tills  Eoofe)  mil  (i  1  )i  n  ilifidj  and)  two  wu)i> 
ofteiod  tiiunsolvcs  of  sim|lil   i        I  I  imtli  — to  Bupposc  an 

ulti  trie  ciiroiit  made  up    1  i  ii    jinca,  oi  to  nuppesc 

uidguctic  liiica  made  lip  1 1  li  in  i        m  nl       On  hiIili  i>| 

tlieso  assumptions,  tin.  iiiulL  »  i    l  ]  i  rt 

01  llHos  (eleUtie  oi  magiieUi.)  timl  f  i      t 

wft  iawmoregintnll^  iiitdli^ill    tin      i  i  ,  „ 

Faraday  Iiad  adopt  I  lili     i  m     i  it       .1  uia^ 

iiotic  force  for  tin    nm  I  n  j  .|<fini<ltlii 

direction  of  tlic  im  n  i     i    fu        i  m         ,        il,o  ulalion 

'  Ann.  rf«  Chimie,  vol.  xtviit  (1881),  p.  *t)a. 
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01  tW  m„lion  to  th,  t  Ink,  An,i*ic,  on  the  ollic.  Ii.ml  ,, ,  , ,  1 
the  inaffiKt  to  bo  made  up  of  traiiB*eiNQ  doctnc  cuncnfi  (  li  ii  ii ) 
and  Inrl  iWiiotJ  all  tlio  faoti  of  rlortro  <1,  n  minal  action  «iUi  in  it 
J;!'""  ''  ""'  '  1'  '  li  )i  li  "ilm.llj.^,,,  ,nt,l,„ 
,         *"'  '  '     "'  I    1      I      I  into  clcctrii  induction 

'n  moti  !i      I        1 1  II    !  I  ] 

Vari-us  jhl    qiu      iu,i|t,l  I     II  >Mi  It  I     t    I 

ihe  forin  m  nhicli  the  nnssvcr  Jns  obt^nitd  in 
i«  that  111  «h!(.l!  It  wan  put  by  Ten/,  n]io  <list  .i 
fho  Acaclmj  .  J  St  Poterebmg  m  1831'    ili  I 

cftoct    i>hcii  •»  wire  moves  in  Iho  iHigliboiIm  i 

orninfli^net,a<niirent  takc^pheomitjsiidi  !•■ 
"   u1 1  I  11    ]  1    liKcd  a  tiiotoon  opi>osite  to  fli.    >  1    ,i 

'  -'Mirrctilamoio  towards  f  {.li  t'ili.t       Ikiim    it   i 

h  a  paralld  wire,  it  }m  Um  m  li  n  &»/«<//  / 
I  Ic  «neco!KluctingneHPi.i((/'W)(OTi((A  \  illtmiii 
i  in  U! .  1  Mil  i)oie  of  a  magnet  m  tbo  .brulion  Is ,  S\  S  I 
hcnco  if  lilKu  the  ivne  ha^c  m  it  no  enrrciH  we  mou  it  mi  ilu 
(WitioiiK'.-i'S  ,S,  El,  «o  produce  in  thi  «ii,  „i  /(/(/niuiil 
And  thus  a"  M  de  la  Eive  lemat-I-s  I     ,  ,  t  nl 

iciioii  of  two  CHi-rents  jnodnccs  a  In 

rppnl^mii  or  o  (Icintion  light  or  Soft  il  t      1  r 

'  In  cs  an  instantaneous    liiin.f  .  nh  ,  hit  svlicn  Ik 

1  produce  a  continued  motion,  the  eonespoiidiiiK 

induetion,  a  conlinnod  cncront 

I    lo  of  stating  the  law,  it  ninipo'-'tibli  iiottoi-egftid 

icaction,  and  actordinglj,  tbiixiew  nnsatonco 

1  EilcJiio  fcaitl,  1(1 1833,  "  riio  Ian  n  tounded  on 

I  1 1    that  action  ind  rciclion  aio  eqiiaf"     'IIhib,  if 

1  lin,e  mn!;netism  under  cerfnin  aiiangenienl^i,  nng 

I  I  nirangemenls  leact  on  t  iondu(,loi  and  iniiico 

llitiu  Hio  aill  other  wa\8  oi  looking  at  tliib  matter     IhavooJae 
ivlioio  pointod  out  that  where  pohr  piopertic  co  exiRt,  (hoy  are  gone 


'  A«id.Pclry>.  KoT.  29,  I8SS.    Pegg.  Am,,  vol  x™.  i>,  ms. 

'  TVoJW  a'e  PEkctritiU,  vol  i,  p.  441  (ISEl). 

'  On  the  Kcdufifion  of  Mr.  Forfldny'i.  discoveriefl  in  aiagneto-clcelrio  Ii.auo 
on  t«  a  General  T^w.  3V«m,.  <,f  h.  R  i„  PhU.  Mag.  JUM.  toI.  iii  s^.  and  vof 
'.|M1-    In  tlwsecoEd  edition  of  thaJiUtory  I  u«d  the  lite  ospresabBs. 
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rally  roiind  U.  I.r  nMiui-rl.O,'  "ml  li^'"'  ili"'>lnilcd  this  Inw  in  tlic  f 
of  ckMii.  ■'    n, .■.■.!    ■,.■.!  .'>.'i..i.'  1  i-lniii,-.      If  ^^'C  regard  r 


tion  h 


■  tliii  M,  ami  tlio  like,!^ 


polar  ivl;..:..M-,   v  -<:■  ihn'   i,K,.M,.'|.i  ilr,.in,    iinluctioil  givCS  II 


])wwaynPtH  Polmibi 

But  the  inanifi  station  of  co  CMstont  polaiities  wliic]«  ait,  bmiiglit 
iiilo  viow  ill  tliis  most  ciinoiii  'Vini'tmnnt  of  nfttiirp  11  not  ^  i^t  cxhaiiht 
ed  by  those  which  ^^t.ln^    il        1      t      I  li    1 '  '  hip 

iv,)  of  J>r.  Faraday  s  dial   \  '!   '■■ 

iMBgnelic  bodies ;  bodies  ^  '     1  ' '  '1 

ys  well  as  bodies  which  aiP  -itn  i  i    1      !i  1  ■' 

'fiTOpurtioa.    What  w  tho  oxaot  defiiuUon  u  \\i  !• 

iicxion  with  other  iioHtitiesf    lo  this  8*^  1 '  ''     ' 

piitiK*  givo  diffcroiit  Riiswois.    Soma  say  tli  i\  "t 

plet«!y  the  opposite  of  opdina^  magnetism   11'  h  -^ 

termed  itfor  tho  salco  of  distinction,  of  2»imj«  I  '  ' 

(isftnoi-thpoloof  a  magnet  gnc  U)  Uii   n  i  1  1 

piece  of  soft  iron  a  south  pole,  ■^  li  1  "" 

ty  of  a  piece  of  bismsiih  a  noith  J    I  ""  "> 

for  tfce  tiiiio  an  inserted  magiift ,    ui  s  hi 

1in6  of  magnetised  force,  matt  1 1  ■  i  1     't   it 

first  itdopte<i  this  \kw  ,'  but  lu  n>  s  ■  t 

mado  polar,  but  k  simpij    updl       1  1  *hi 

transverse  position  which  it  a'suiiK^  Jill  1  nm  1)  liDin  it  cl'iigilul 
form,  caoli  end  tr}iitg  to  lecedo  as  fti  as  possible  honi  the  lopulsnc 
pole  of  tho  magnet 

Several  philosopheis  of  gioit  cminum,  ho«c\m,  «!n)  hiM 
examined  tho  subjeU  luth  gieiit  nit,  idheic  fo  I)r  Hndi>'a  In  t 
view  of  tiio  nature  of  T)i  \m  i-vni  tt  m  \'^  W  Webei '  I'Hli  kei  ind 
Mf.  TyndaU  among  cm  i1i         I  n    1    i     n       1      ir       t     Im 

gliage  of  Ampfito's  the  n  1     no 

induced  in  iron  and  m  11,11    1      i    1  '        '"" 

magnet  or  battery  iuro  ,  so  m  i"  mtnit  li  m  n  ti  i  li  ■  1  if'n„ 
iietic  bodies,  the  cuiients  mdnco<l  aio  m  the  contiaij  diuclions 


t  I'hit.  hid.  8c.  B,  V.  e,  ii,  '  Pflradn/a  RmarcUh  Avt,  2i39.  Um. 

'  Poggoiidorfs  Jwt,  JoH.  1848. 
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Hiosd  !iy3iol]i(;lio;il  currunis  boiii^  in  iion-coildiiofiilg  diainagiictic,  ns  in 
niagiiotic  bodies  "'^1  in  Hio  nr.<~-:,  In.t  ronn.l  flio  particles  of  the  mailer, 

Maynelo-QiAk  Ji/tds  uud  Mii</,tecr>/slallic  Polurily. 

Not  cvon  yot  have  wo  torniinated  tlio  eiiimieintion  of  the  co  ovmlent 
iwlaiitieaivhidimtliis  proviiici,  ot  niluii  li  n  li^  lilinii  li)  !iii  m.  h 
I/igM'haspoIarpropcrtics;  tltOM,r\  Inn       '  i     i  i 

the  dbcoveiy  of  these,     TIio  forw,h  .  Ii  i  i 

fonns.of bodiftsnreofapolariifttmi}      i\  i  I    i  i 

mny  bo  defined  aa  those  forms  which  hn.   n   ni 
trj  111  iefi,ro?icc  to  opposite  polci     Koiihi^lln        i  ,1 

bnopolnnf    ■'nv  relation  to  the  eleoUicil  joknr  j  ,, 

'  I  >     might  bo  diaposec!  beforehand  to  conjcetttre  (hi! 

I    n  betfteen  these  two  ^Foups  of  pohr  prfperti 
wi  ii  KM   11    m    ill,  other  p^rta  of  this  histoiy  of  diMxnn 
iiig  polaiiti^  Ko  conjootiuo  liiti  tho  nitare  of  the  ttl  is 
experinienl  Ehoitdl  it  to  he      In  Kovember,  1840,  Fan<i  i 
*^'     I         '        '  •>^h'lt  ho  then  called  "the  letun    I 
I  I    iiiaiiifcsfcd,  not  on  hgb!  iliii  i 

<  II   I  yndsofglws'     When  tin 

iliil  jMigiiet-i  \Unch  ho  \\  ul,  f  r 

111!    hiio  of  MingnetiC  force,  an  ottoet  ww  j  i    hi     i 

I  [  111  of  what  naiiii-owasfhiscfiectl    Wkvi  li^bi  wi 
I  Iniigem  itseoiiditionwftidi   <i\  i  i1 1        I    t   1 0 

li  I    1 11  izcd  m  any  plane,  tho  plai 

II  II  h  a  cortiiii  angle  wiiilo  the  1 
I                  111     iiiglc,  111  pi-oportion  rh  tiio 

gK  iki,  iiid  till  thickness  of  the  glass  greater, 

A  power  in  boiiio  lespecta  of  tJiis  kind,  naraelj,  a  powei  to  lof  iti 
the  |>ltiiii  I  f  iiihiization  of  aray  paasing  llirough  th<m,  m  |  ist<sEn| 
'^  111  I  ii  lit  llieii  natuial  state;  for  histaitce  f)!iiit/  rvfil  h  I 
"i  I  ' 'M  ii'ii!  I'lit  jet,  ■wDi'.Faraday  reiiHik  ,' tiiPTi  i  i  s  ii 
ihll  I  II  111  hti  h  J  cases  Wheit  polarized  raj\  pith  thtou  li  il 
tmpi.!ilHii    ni  iiliate^tr  direction  they  pass, they  n1tof  thint  ituethiti 

•  Silkntiid  bomta  of  load.    See  Btstarekit,  §  aiSI,  Ao.    AW  flint  gliiaa,  rock 

sait,wi»tBi'(aais). 

'  Seseari^sa,  As*.  2281, 
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jjlanij  of  polaviBntioii  lolalca  in  the  Bftiiio  divection ;  tliat  is,  itll  to  tlio 
ligLi  or  all  to  the  loft ;  b\it  when  a  ray  pusses  tUrougli  tho beavy  glass, 
tlie  jjowor  of  rotation  exists  only  in  n  piano  pecpciulicular  to  tlio  inag- 
niitio  line,  and  its  <liiection  as  light  or  left-haii<led  is  roversetl  by 
j'ovcrfiiiig  tho  magnetic  polarity. 

Ill  this  case,  wo  have  optical  propoiiioE,  wliicti  do  not  depend  on 
crystaliine  form,  affected  by  tho  magnetic  force.  But  it  has  also  been 
found  that  orystaiiino  form,  wIiipIi  is  so  fcrtilo  a  Boareo  of  optical  pro- 
periaes^  affords  indieaSions  of  mi_;nefic  foiccs  In  ISiT.M  l'lil<Ur," 
irf  tho  Unn  etsitj  of  Bonn,  nsini,  \  pottorful  magnetic  apparatus  ■■inn 
lar  to  Fanday'",  found  that  crjstaU  in  general  aio  n)a„ni  ti  \n  tin 
sume,  fiiat  the  axes  of  crystallino  form  t«ntl  to  assume  i  ".i  li  "n  \  • 
tion  with  retoFonoe  to  tho  ui^netie  lines  of  foroe  Thi  )  i<  ion  •  i 
o«e  optie  axst  or  oi  tno  jsono  of  the  broiddtetindiMBui  ih.  Iiilu.iil 
erystallme  forms  and  u^ng  tbts  (lisimetion,  M  1  hh  Vi  i  (■  m"l  Ih  tl  i 
crystal  baMi!g  i  inigle  opUe  vas  toml»  to  ph.i  it  If  v.nh  Ih  t\i 
transve^c  to  thomagiioiiclinaofforee,'ajf  il      \\  i      H'  I 

hy  eaeh  magnetic  polo ,  and  eryatals  with  tw 
tli^e  axes  ttoro  lepelkd  by  the  TOa«iictio  pol  '  ' 

pendent  ot  the  magnetic  oi  <1  lams'- ik in  ihiraasi  <  I  ihi  i  m  tl  imi 
isadircctnt,  moiopiopoilj  thm  an  ittnUnci  npnl-iii  Uui 

Soon  afteiwards  (m  1848)  I'liiadti  do  di  conixd"  m  ill  i  ol 
rnagnotism  depending  on  orysUdlim,  toiin,  ftiiichat  liistsi^jliiappi-uu  ( 
to  be  different  ftom  the  effects  observed  bj  M  PlSektf  lie  loimd 
tbatacr^sial  of  bi=mutb,  of  which  the  form  m  Hoarlfacuboibut  moie 
trnly  a  ihombohLdron  wilh  mv  riinind  ihtfir  Ion 'ii- than  tin  oflici-s 
tends  to  place  itfiUf  with  tin  In  jul  in  ili  in  li  n  li  tlii,  line-,"! 
magnetic  foice  Atfiratln  <  n  i  im  1  ili  [i  |  jh  llini  dUtclcd 
tobedifteiontfioni  ill         I     n    \\\\\    I  In  '  m      in  Ihis  <  w 

tho  force  ot  a  1 1  n  "  "^  upuito 

rial;    Butafmlli  i  i  I    I  i  li  i  lonm 

tion  that  these  t    I  luii       l  n    i    n  ll      ilim      I      lill«1tis) 

to  cowce^o  1  cohlIiih  tUoii  ot  bi  imitli  LU  idi.  wIiiUi  i  oiild  biha^o  in 
the  magnetic  field  as  a  eijstil  ol  (alcsj  ii  doos,  or  a  combination  of 
ealcepar  ei)Rtal8  mIhUi  would  bi.hitie  usaeiyatal  of  bmmiitli  dots. 

And  tluis  we  have  fresh  examples  to  show  that  the  Connesion  of  co- 
existent I'olnrities  is  a  thonghb  deeply  seated  in  the  minds  of  tho  pro- 

"  lifsi,in!>ts,  Arl,  2Ui,  An. 
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foiiiulcst  and  most  wigaeioiis  pliilosopliere,  aiid  perpetiinlfy  verilic<i  and 
illustrated,  by  nuforesecn  discoveries  in  iH)gucs.scd  (uiins,  tlnoii^'h  llic 
hhora  of  the  moat  skilfiil  oxpori  men  tens. 

Muff ncto-chclr'ic  Much ines. 

Tlio  discovery  tliat  a  voltjiic  wive  moved  in  ,pi:esoiieo  of  a  ivtfigiie^ 
iias  a  current  ^nerafed  in  it,  was  employed  as  the  ground  of  the  cow- 
stmotioii  of  inftchtiies  to  produce  olectncal  efleote.  In  Saxtoii'e 
Hiacliino  two  coils  of  wire  iupluding  a  eoro  of  eoft  iron  revolved  oppo- 
site to  the  ends  of  a  horseshoe  magnet,  nitd  lliiis,  as  the  two  coils  camo 
oppMito  to  Uic  K  and  8,,  and  to  the  S.  and  S.  polos  of  tlio  rmgmi, 
curroata  were  goiioratcd  altci-iiatoly  in  tho  wires  in  opposite  diroetions. 
Baihf,  armngiiig  tbo  connexions  of  the  ends  of  tho  wires,  tJw  m^xm- 
ive  cniTOnte  might  bo  nmdo  to  pass  in  corKsp«Bid]Bg  diteetions.  TIhi 
alteiiii^oiis  or^ccrasious  of  onrFonEs  in  gad*  macbinoe,  ijre  govcrn^st 
by  a  contrivflnco  ^wliieJt  alternately  interrupts  and  peMnits  tlio  autiow ; 
thfe  eontiivance-has  been  cailod  a  rheotome.  Clarke  gave  a  now  form 
to  a  machine  of  tlie  same  nainro  as  Saxtoa's,  But  Uio  like  d^cEiiUKy 
lip.  pnMli!,>,»,l  liy  ?iiiii!f;  on  electro -magnet  inrtead  of  a.cwnmon  magnet, 

^^ '    '   '''   '    ' ,:>  current  is  produced  whieh  by,  in^uctioit  prodnees 

;!  '  '■  I  ■  lni-  wire,  and  the  action;  is  altornat^y  excited  and 
Mit  n-.i'!;  I.  U  h,-n  tho  inducing  current  is  intcrmpted,  a«ioment«iy 
current  m  «»  oppmile  direction  is  produced  in  tho  induced  wire ;  and 
when  tliia  cttrrcnt  stops,  it  produdea  in  tlio  indneing  wiro  a  euiMnt  in 
the  original  direction,  wUioh  may  ho  adjusted  so  as  to  reinforce  tho 
resumed  action  of  the  original  cnrront.  This  was  pointed  ont  by  M. 
Do  la  Eivo  in  1843."  Madiines  have  been  constructed  on  such  prin- 
ciples by  him  and  others.  Of  sucJi  machines  the  most  powerful  hiflierto 
known  is  that  constrncted  by  M.  liiilnnkoill'.  The  ctlccta  of  ibis 
instrument  are  exceedingly  cnci;;c(ii-. 

Ajijpliealions  o/  Ulecti-oclf/mmie  JJiscoaems. 

Tlio  great  seri<^  of  discoveries  of  which  I  have  had  to  speak  have 
boon  applied  in  many  important  ways  to  tbo  uses  of  lifo.  Ilio  Mec- 
Irie  Telngraph  is  one  of  tho  most  remarkable  of  these.  By  wires 
extended  to  tho  most  distant  places,  t!ic  eleotric  current  is  transmitted 

"  TraiU  de  VEUet.  i.  891. 
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tliiiliev  ill  ail  iinpciycjitiblo  time;  nnd  by  moans  of  wcll-ilftviacd  sys- 
tems of  opcialioii,  is  made  to  convey  fi'om  man  to  man  words,  ivhicli 
arc  now  most  emphatically  "  wingul  wordh"  In  flio  moat  ciuU/cd 
states  sucli  wives  now  fonn  a  ml  woiTy  m  fl '  Iml  hIiuIi  j-,  fjiiiii 
liar  to  our  tlioiiglits  ns  ttie  higliwaj  I   i  i         1     ilc   cislii\t 

such  pathways  of  Imiuan  thought  1  i*  "<     Inn 

shore  to  slioro.    Again,  by  usint,  tit  Inti    Uiu 

imc'flctioii,  of  wliicii  wcsliallliavolo  ]_  il  m 'ii  ■>!  '  ">''  »  '"« 
means  has  been  obtained  of  copjing,  viitb  sn  oxactnosa  HnaltamabU 
bof<»«,  any  forms  wliicU  ait  or  Jiaturo  lias  produced,  and  of  coitnng 
theiH  witli  a  surface  of  metai  The  -Ekclrott/pe  Process  m  mvr  oin  of 
the  great  powera  wliieh  mamifncturing  art  employs. 

But  thcM  discoveries  have  also  been  employed  in  explaining  uaiimil 
ph^omena,  the  caiisra  of  wbielv  had  before  hem  altogelhor  inserutii- 
felo.  This  is  the  caao  witli  regard  to  &a  ditinial  variation  of  the  mag- 
tictie  needle ;  a  fact  which  w  to  its  oxi^nce  is  unive^»I  iii  all  phiM, 
and  wliieh  yet  is  so  curiously  diversS  ia  its  eourse  at  difliroiit  pIao«- 
Hr. 'Faraday  has  shown  tbat  some  6f  <ho  most  rcmavfejiWe  of  ikme 
dlvi^Kittcg,  and  probably  all,  se6ra  to  bo  aeeoniited  for  Iby  the  tlitterewt 
jna^etic  effects  of  air  at  different  tflmpemtumi;  althostgli,  aa  I  ha¥e 
already  said,  [liool;  xii.)  the  discovery  of  a  deeennial  period  in  the 
diui'iial  changes  of  magnetic  declination  slioivs  that  any  explanation  of 
those  elianges  wltieh  refers  fhom  to  causes  existing  In  the  atmosphere 
iiiiisl  be  very  iiieonipiete." 

"  HMtarchef,  Art  S892, 
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Ti!K   Kl.KCiUO-CHKMICAi.  Thkouy. 

AMOKG  tlits  eomoqiicnees  of  tlio  ElectrfMJiemical  TheiKy,  muBt  Iws 
ranged  tJiC  vmioiis  impFovemctita  whieli,  have  been  iiimfe  in  thi* 
s'oltaie  batteij.  Daniel  iittrixluecd  between  the  twometaUripaitinsii^ 
ponneaMe  by  eheiiiiefil  aclioH,  but  sucli  as  to  allow  of  iv,c  dirireiii 
aeid  whittOHS  being  in  contact  with  tke  two  Jiiotals.  ilr.  Ghni''-'  hia 
tery,  ill  whicb  the  |«rtitioH  is  of  porous  poroolaiit,  and  llio  luelals  tiro 
platiiitiin  and  amalpmated  zlnf^  j»  olte  of  Iho  most  powcriiil  httberto 
known,  AiioUber  has  been  conatiueted  by  Dr.  Cnlkti,  in  wlilcli  thf 
negative  or  coiKlHetlng  jjkte  is  a  cylinder  of  cast  iron,  and  tho  posi- 
tive eloniont  a  oyHndcr  of  anialgamated  zinc  placed  in  a  poroos  ccli. 
This  also  lias  gi-oat  energy, 

T/if  Xiiii'/iu' '•/  J^iiiiairifi,'!/  .Sf/if^ktncts. 

Thcit  ]iav<^  not  Wen,  J  l,rlirM-,  uii>  Mrll-r-l^iMI-luM  :-.Mi'.i,,iiv  w 
the  list  of  tlio  simple  siibsliiiiiT.-;  )>'nii;iii/ci|  l,\  r'-ir.   '  ,  .       ,  ,.        !]„■ 

toiidoncy  at  present  appears  Id  In'  lailur  In  ilrm  :  li  it 

tary  charactw  of  Pomc  alruady  uiiinjiincod  •.\a  nii<;]<  .-.uU.uuin,-.  i'rlu^ 
piuiii  and  Niobium  were,  as  I  bavo  said,  two  of  iho  now  metals.  ISut 
Nainuanii,  in  liis  ElemenU  der  Mineralogie  {4lh  c<l.  ISfifi),  saye,  in  ii 
foot  note  (i>ii!,'<!  25) :  "  Pelopiiim  is  bappiiy  again  got  rid  of;  for 
Polopic  AfiJ  arid  Xiribir  Acid  j)rascss  the  eaino  Hadical-  Donur'mm 
had  a  Mill  ^.lioK.-iTvwHMr;' 

In  flio  Kin\c  wii_\,  w)m'ii  Hermann  imagined  Unit  ho  had  discovered 
a  «o«  simple  inclallie  subsfanco  in  tlio  mineral  Samarsltitc  fmm  Sliasfc, 
the  discovery  was  disproved  by  II.  Soao  {Poff^.  Ami.  B.  ¥3,  b.  440). 

Vol.  li.~AQ. 
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In  jvcncval  tlie  iiiaiilatioii  of  tho  new  simple  Kubstanccs,  tlio  mclallic 
bases  of  the  cnrtlis,  anil  tlie  like, — theii' tsepai'atioii  front  tltmeuoinbtita- 
fioiis,  and  tlio  oxliibition  of  them  in  a  metallic  form--lias  bean  a  difli- 
ohH  fthemical  process,  and  liaa  raroly  boon  esooHtcd  ou  any  cotisidora- 
blo  scale.  Bnt  in  tlio  case  of  Alwniimuin,  flio  basts  of  tlio  cavtli 
Alumina,  tlio  proce)«  of  its  oxlvaction  lins  recently  been  so  rnncli 
laiuMtatcd,  that  tbe  metai  can  bo  produced  in  abundance.  'I'liis  being 
the  Cfme,  it  will  probably  soon  bo  applied  to  fipecial  economical  mes, 
for  \yhich  it  is  fitted  by  possessing  spceinl  properties. 
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BY  tlio  kindness  of  W.  II,  Milloi',  Jiaq,,  i'rofe^or  of  Mineralogy  in 
tbc  Uitivorsity  of  Cambridge,  I  am  abh  to  add  to  this  pavt  tlio 
following  i^iiiiRKs  of  books  and  nscmoii's. 

I  ihjtapkiCtnebUehuf  taheltariselmn  Udierdehl 
h  der  Krystallfomien,  Ton  Giistav  l!osi\      'I. 

(8  Iho  crystaUi^rapIiio  inetltod  iici'c  adopted 
I    that  of  Weiss,    Tho  mctliwl  of  this  work  has 

lallogiapky,  with  its  Applications  to  Mineralogy. 
M  M  i  I  I  f  GiiSin  Gh^ow,  X%iX  Mr  Oi'iilin  In-!,  however, 
moiliiicd  tU  nftalion  of  Eo6j?  He  lias  const raetcd  a  ecuu  of  models 
->f  prvMal!  n    t  u  « 

Ktyitalle      1842     'lliis  woik    idopts 

irjatnllization     1t  contains  !  ibUs  of 

iinfioiia  of  thoaxiB,  and  magnitude  of 

I  iilncli  a  <lc,s(,ri|)tion  wns  to  bo  touiid, 

d  in  fho  iaboiatoi),  as  «<Ii  as  those  Hstinlly 

I   nail 

I  li       L   li,  Metho^e  del"  JCryslalloyrapkie,  1840,  employs  u 

tHiicilul  motiiort  ol  repi'csontnig  a  crystal  by  projecting  tipon  one  face 

ol  tlio  crista!  all  the  otln,i  faces.    Tiiis  invention  appears  to  be  more 

cnnouB  than  useful 

Di  Ka>l  Naamann  who  isspokui  m  i     '  i     iiiiolr,  as 

fho  aiitliof  of  (ho  best  ol  the  Mixed  S\  (  i  n,  publish- 

edaiso  Gruniiri»s  der  AryaiaUm/rapJ'i'      I        i     i     i       htthiiaiid 
other  worlts  lie  moditios  the  not  tfion  111   \lnli-.  m  imii    hU  tntigeons 
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Profi^?.wv  1>iuiri,  ill  liis  System  of  Minmdogy,  New  Kai-on  (U.S.), 
18-'?'?,  follows  Nnumiiiiri  for  tlio  most  part,  both  in  cryslallogi'iii)liy  tiiid 
111  niinoitil  Un^siiicitLon  Tn  tlio  latter  pnit  of  llio  subject,  Up  liiiiiuadr 
the  nlfempt,  ishicli  in  all  oiscs  i-,  n  Borneo  of  confusion  iiiid  of  fiiiliiit, 
to  iiitioduco  a  mIioIo  sistoin  ot  new  mim-i  of  tlio  niiiitbcra  of  lin. 
clT^ilicntioii 

iJip  gcoiiietrr  of  ui'*filli  _i  ijiln  )m  In  it  iim  1i  li  i  m  a  \f  i 
origiinl  iiTaiiuei  b}  M  1  1 1  i       !    I  'i  h        i  i  h   Ii.uni  tl  i ' 

tho  J  eolc  l'ol\  teilniujiic,    n  ,       i 

))ti.r  des  J'vmis      1850      /  '  I      i 

Hennaim  Kopp  (AiHto("»/  /    1/    h    hh.li ,'i,i'ih' ,\  nmmhv.ti 
lfc48)  hat.  gi^cu  tlio  (Jestnptiou  ami  niciiiiiiioim.nt  of  tlit  angles  i-l  n 
hi^  iiunibtr  of  hboiatoiy  eij  t^l 

iisAmiie^^Gtg{KfyitaUog>«iih  <i      <  \  I        i  1 

Icettil  an  account  of  tlio  s)attln^  vn  ,  i 
hboTiitors  crjstslsof  which  he  toiil  1 

■^Uiabus  of  Vienna  (Seskmmtiiif  '"i  ni  i 

rkin  Lahmaioucn  Wieuqten  Prodnetef  Wicn,  t  1 1 

j"^a})  has  giscH  a  desenptjon,  aieeanp.\m«l  I  \  i 

en  *talhuc  ^pei  iCi  Iroin  his  own  observations 

io  theso  attempts  inado  m  other  comitiiet  t  | 

cijst-dlograplij,  I  msj'  add  a  roinarisblo  I  1 1 

here  by  Mr  Broolte,  aiid  "n       'Ml  im  '  ii 

knonledgo  of  Mincra5oi,\  hn 

tonns  of  inj  given  iiiinei  1  j 

of  thatspeetes,  andtht  i!  i      i  i  i  i  „■ 

thisfoim  (Ictemiiiie  the  an{;li.-.  il  nil  iKiniilm,  loiitis  l>ut  liow  is 
thiH  pnniitnc  foini  Belectcil  anil  its  paiflinotcre  dctufnimtd?  'Ihe 
Rolcotion  of  tho  kind  of  tho  pinnifne  toini  depends  upon  tho  <Ui>(e  of 
vjmweU'j  ulncU  appcait,  in  all  lh<  dcimti\o  foimi,  avoiding  U 
which  t)ie\  brloiig  to  tho  rho}nbolicJial,puv)mlie,  npicn  /n/ifiwulal, 
or  wnio  othei    iyslem      ml   tin      I  I   imitiiU   n    t     i    iidii   iiU    il    n 

But  tliopiianietcn.,  01  till    n     '  I      mumI        I I, 

dctoimmtd  b^  the  cleaio  /  n  ,„! 

nccessai'j  gionnd  of  buch  I  i  i  i  I 

effected,  lu'oine  CHsci,  In  i  i  I 

primifcuefoi-ni  nhiHi  bH  u  i    i  m 

other  augks  th  m  (hose     nil  i  ml 

whotUcl',  foi'ili'ttalice,  cnMiK  ■!  tlic  iltnnli.li  lid  i  Imii  in  \  iHl]i 
Hleirc«l  witli  advantage  to  piirntfivi  ihoitdKiIiedton^  nhidi  hut  %u  ill 
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llic  ii|»ceic^  iiuady  tliu  fame  aiigics.     Tlic  n<lvniit,i.LV  (•>  I..-  ■■m-: I  l,v 

mich  a  change  \voiiia  be  the  simplification  oF  thr  1.'.     ■  .  ■'.  ,  ]\, 

tlio  derivative  forma :  nml  therefore  wo  hnvctoa-L,  .  Ii 
of  ilciivntioii  are  ssfiallov  numb  era  in  this  way  -n-  ih.Il  Uu  JiMii.Uu 
iV(C]ili-.|  iViii.|;tiii,>i)(al  angles.  It  appcnra  to  nie,  ftoin  thu  fximiijics 
u■l^> !(,  Ui;ii  iIm-  :i.|\iiiilago  of  siinplicily  in  t)io  indices  is  on  the  side  of 
Ihe  .jM  m^.Iihj:  hut  whctiicr  this  be  so  or  not,  tl  was  u  gvrat  honelH 
to  cv)'!-i;ilii!j{niphy  to  have  the  two  melhods  eoiin.ai'c<I.  Mr.  Brooke's 
Essay  is  a  Memoir  presented  to  tho  Royal  Society  in  ISSO. 

2.   Optical  Properties  of  Minerals. 

Tlio  MardhiKk  der  Optik,  von  1',  "W.  O,  IJiKltelse,  Berlin,  1839,  eon- 
tains  a  diapter  or  the  optical  properties  of  Krystak,  T!»e  aufhoi^'s 
ciiief  HMtliority  is  Sir  JD.  Brewstep,  as  jnight  be  cxpcetud. 

M.  Itaidinger  has  tlevoted  iniich  atteidion  to  osperimeHfs  en  the 
pleoehmUm  of  minerals.  Ho  lias  invented  an  in"ti'Hmentwhi<>ii  %i\siki"- 
tho  iIiUhoimh  oI  Viiinerats  more  o?ideni  l>y  exhibiting  thi  iv.  >      ]  j 


1  I  icenne  Atid  ton  i-.fs  of  t«o  diftcrciit 


1   1 11"     {>'■       II  Mu    I    1 1 )    111,  ahi(,o\oi> 

i^  II,,    I   I  iMli  1.    I  m    I  ,11,1  I  I  \l    1,1  1     \\  IVtonr 

M  MiiSurhha  di     ^  i    1  il,  „    i^  ,  i     i      i  I, 

•>ppnit,ntly  belongs  t'  ili    ,  nl  i     ,  i      ii  il 

tie  sof  ipiUlh.l  .iini  I  1      in  I  Ml  I   I  h      I              I  I     I   1 

'/iti  M  I  |{  II,  ],iiiis  II,  i.(„iliiici  VMfl,  th,  ililt  ,  n  1  ih, 
V^     "'    ^    '  I             (/ !"/'/( fi(/w / 's  ^nH«i/e«,  xu    182) 

^1       U    ll    il    \  I,  nna  has  lonnd  1  meins  fvf  .ht«-chi!i^  plagihedrn! 

lau-v  HI  i]iu!l/  .nMtls  wliieh  do  not  io>eal  thcni  t\tum!li  {Akul 
d    Wimn^haft  zi-  ITtes,  B  m   s  59  ) 
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iES,183B)     Alorei:e<iOiitlj  1  v 


pnBfipIc  s 


:i.  Vltissification  of  Minerah. 

In  lUr   PhUn.o,,!.:,  of  tl    Idd    "'^        !-     H 
tvcatcd  of  llift  j\i)i>li cation  of  ll      N  1 

cntiou  fo  Miiiornlogy,  and  la      sj    I 
whidi  ]iavG  been  proposed     1 1  a      1 
tciw  proposed  in  the  treatise    f  M    \     !■       II 
mx  3f6thodcs  d'Hhtoire  Mat  t  elk  (J  a 
been  publisUed  M.  Bcadants  (o    a  U 
Miniralof/ie  (Paris,  1841)    a    I  31    \ 
logie  (Paris,  1846}.     Both  fl  c 
chomieal  views  that  tUey  Inj  I 

wiiieli  are  avokletl  in  the  brat  s\  t 

TJie  last  minem!  system  ot  h  zt-I 
lUmmalsbeig  (Ntltnhe^,  1841)  It  s 
described  it  in  the  liistory. 

M.Norden3liioId'ssystem  (3rl  I  !  1 

Sxm,  who  observes  tliat  it  re 
sieliiis  only  in  part.     lie  h     s  ll  ^ 
Oheniisohes  System,"   in   wh  rh  ll        J  I  'I        ' 
genua  rikI  llio  chcmieal  con  pot.  t   n  il  c  species,    I 

1.  Simple  Substances. 

■i.  rimiliiiiiiHonsof  SnlpliorjBe!enimn,Til8niiiit!,  , 

::.  {'liliiii.li-,  1>'Iuorfdes,  Bromides,  Iodides. 

I.  Cmribitiatioiis  with  Oxygetj. 

Wc  have  alioady  said  that  for  lis,  all  ilinnli-^ii  i..; 
ra/»,  ill  so  far  that  they  aro  iiiehidi'-l  !ii  um  ct 
propriety  of  this  mode  of  dealing  «illi  lln-  -ul-ji'i-i  i 
finding  that  tliere  is  really  no  tenable  distinclioii  \ik 
ral*  and  the  products  of  the  laboratory,  A  great  number  of  eminent 
i^lieinists  have  been  employed  in  producing,  by  iirliilciHl  means;  crystals 
whicli  lia')  before  been  bnewn  only  as  iiali\c  products. 


lasseq  ai 


>(!}(',  Airtimoiiy. 


ic^lioii?.  The 
idirmed  by  our 
Ml  iiiitivo  mine- 
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Cl^ASSlFiCATOKl'    SClMCia 


TilOK  tin  puii^ose  oi  giuii^  t 


iki 


-»■    '.ciiir  tu!'la>.¥of  BotanKil  Science,  I  uitinni   (lid  I  .  <iin<  |  .jt 
bcttPr  than  Oiieet  Im  aftentLon  to  tlio  rcftcctioiis,  prote'liii. ,  iiui  i 
aoiiiiig^  which  li«o  beoH  BMggpsied  by  the  miH  recent  <  \U  »  i  »>-.  .  i 
inan'BkiiOHkiJgPofthevega'ibloiiorld      Ai»dasa8|>ePi)0ni  ..r  ili        r 
ina>  tlketlicliborsofDi  JoaophlIookep,onthoHonol  (Itf    \t,  n  u 
Re^ioiiVaiide'jHHJialiy  ofNewZoaUnd     Dr  HooIcerw^>,fI.(  !    Um  , 
to  an  o\|Hdition  commanded  b)  Sis  Jaraos  Bms,  aoatwit  wi  oitl    i  i    u 
I«irpo?c  ot  in^csJi^nUiig  the  pliPiiomeaa  of  Temiatnal  Mi^n  i, 
thc8oulh  i'f.lo,  biitduected  lUo  to  the  impFovoment  ol  N      i  Mii 
ton      Iho  oxtOJiMOH  oi  botiiiienl  (Iracnptioni  It!  1  J  (     U     ,  , 

laigc  mn^  of  new  objeeis  ncccwiriiy  s«gge-ti  ^i  i  I  i 
of  i]a^M3s  (gouora,  speeics,  &.<. ,)  ami  the  concliNi  m 

tlioir  lomHac}  or  jncomfaiiov     Afcwof  l)i   II     i        in,        , 
sliow  tbo  nnturo  of  tUo  iiowa  Inkcn  imdci  such  ^,u^.unl^l^ll< . 

I  may  notice,  in  the  first  phce,  (since  this  iioik  is  mfciidcd  toi  gone 
ral  iiitbei  th  m  foi      luilifi     inki   )l)i     llookn     I    l,tii  m  i     tii. 

vnhic  of  1 !    )i ]  ill    II)  ii\i  1 1^  M\     I  I   I    I      I        I 

aloiiniii  il     V    <   ii  1      <|[   I      II      I        I,  ,    I  „       ,1  ,       I 

tsmical  di    nil  li    II    \  In   li    I  ]    I      II  J    ri    J    ii(  1  I 

although  It  1=  MippuM  d  h\  iiiiiij  luni  jii    i      i 

can  mid  should  bo  done"    And  henn    1 

acicnco  dunaiida  T  ttin  dosciiptioinoi  ih    |  i  ,       i,  i        , 

which  ho  etpocialiv  ui       ii]    n  \\n  (    I  un      !i      n  \\  iln  m  li  imu 

piftiita 

■  TAe ]htm,y  of  the  A„U',xlic  i:.,,,,<,.:  „/  //.  M.  «,«««,,,  Wf>.  A'/A-t  and  ■ 
Ttfr6r,inihe'^m'i\%t1f-\ii.    Piiblislitd  JS47.     M<tt«.  Nomi 'Maxiim.     VtMi. 
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nvialion,  m  stiikiiij,  mil 


limits  "!  '■iiCPKS  tin  11  ili'ijii'is 
udm      lie  n  «t  opinion  that 


ml 


»•))(  ci 


isamlly  BuppcwO 


■ttutelj  JiI1[ii>=(hI,  tliai 
llcncclio  LOiiccm  lliif  tin  iiiiiiilu  if  prn  1 
ci'i'Oneoiish  multijili    I  In    li  I  i     i    I  n      ili      i     m  i 

<liftBrciit  places  m  I  >  lu  "'    "  ' 

aceowling  to  Un.  li  s     I     ii  i 

ty  receive!  iiumbti  1 1  I  n  \  i  mm 

isinucli  iiearei  tlie  tuitii  I  " 

when  it  is  liotoiioii?  tint  iim  i  m 

iiion  I'otatwe,  and  unit)   m  i     m    "^  I 

aqaiUna  haagiven  nse  to  imnitioii- 1      ' 
India  to  flftceu  at  least  M  i ' 

m<»t  eoiinii  irs  tlnn  IS  ■.upposcd ,  T  li  u  siiiu  \  i  -  1  i 
iiigiylant  ml  linn  I  >  lie  EtiropLsn  onca,  bc'itit^  iriliil'ifn! 
roiisiiiteiin    liil    I    iiiihi,  So  long  .^>a^l9M,  M 

Ai-avi  att(,iiliuii  to  llii.  iiuportsneo  of  shcIj  con  1 1  i  ii  rt  m 
list  of  160  imiopoiii  plania  common  to  Anstt  tls  i 

Ais  an  exampio  of  tlie  ei.teiitto-Hliiich«ncF  m 
hesaj's(p  \sii^)  "  Ihe  fi,%s  nnniiiiii  i  tiiM  < 
bo  abnornnl  atites  of  the  li  ' 

of  the  Lebauon ,  fortlicn    it 
whiehhRvonooMstcnco  111  \ 
the  Cedars  of  Atlas  and  ui  il 
(if  any  valid  botnnical  did  i 
rally  supposed  to  bo  diftci  1 1 

Stiii  tlio  great  nnjonh  i 
ittgioiis  aio  peoiiliai  '  JIl  i 
otiior  well  iinilvcdgionpi    i  |  ni  i 

ZealaiKl,  Austialia,  and  o\liiti  i'  il  '^  nil 
pi'eaoiitcd  bj  one  oi  nioio  spcciti  in  («o  Oi 
and  thus  cilect  a  botinicnl  iHiilioii'ibip  o 
which  oeij  botanist  appicciatc-" 

In  rcfcicuce  to  tho  Ilntoij  ol  liotiin,  1  Imo  recci\ul  poncoEion^ 
Liiid  remarks  from  Di  Ilookti,  ^  itli  "liu  li  1  am  allo«ul  to  PiiiKb  m\ 
pages. 

"P.  309  Nott  '  Ndumhiihi!  ?^i-jomM,  tlio  I  otus  ol  Tnihii  liie 
N^duntbatni  dots  not  floil,  but  lai'Cs  bolh  leaf  and  flo"Ci  "ihci  d  tti  t 
al>ove  tho  nater  tbi,  Kymphmt  folit^  bai  floitmg  leu c  ! >'ilb  <ii((  i 
lai^ely  into  the'^^mholism  of  the   IlniN.    an  I  u    oft  n.    nlitiit!    ! 


n  ,}  ii.tllu    lb  I 
thit  hM,  thuii^li  1,1 


u  Sontbi 


h  ViiKiu  1  llip>  aio  re 
r  moro  ot  those  coullllle^, 
■)  afflmty  between  thorn  alt 
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"W  -MV'.  N-,.|«i'.  1.V.V  A.     A  (    )  ai    liach!,      Il.c  J      !   I      ,1 

'riuMjilii;!-!!!-;  fiitiiml,  liii\M>\        I        I         l(«f/iMorgFOlllld  Tint 

-  I'll.  :;ss  :ni,|  :i;)|.  \-\n- /f    /        /  icnd  Ilar/ec imp 

"  r.  Hill.   l'V.r  AVWn;  v,.a  1  /     / 

"V.  31)4.  i'Vi'  jkhcch  I'ca.l  Osfini 

"P.  886.  John,  Bay.  Itiy  \\i'i  fiirfh  r  tlic  aiithoi  of  tlio  pr<*Ront 
Natural  System  in  i(s  most  comji  )  I!     Iirsl  <Ii\i<lcd 

pbntsinto  Klo-weriess  ami  IJo«crit  NEoiiocott io- 

,  doMOHS  and  Dicotyledon oot  —  II  Diootnii 

UOKKS,  quomm  soniina  safa  binis  f  I  jUfu  cotjie 

donoTum  mum  prajstant,  o  ttin  c\t  nif  1  n  i  li  ,  s»ltoin  lobo-- 
dividuntur,  quamvis  co3  supiit  tcrram  foJionim  R|>ccic  nou  efibrnDt,  ot 
Mosoc'OSSWDOSBS,  qiiw  iks,  f>ha  braa  Rpntmtlia  effcrunt  uce  lob  >= 
bin^  GOiiulMnt.  Ha:c  divisio  ad  arborea  tiMiii  cxteufh  potest ,  -"Kjui 
doin  Palmfo  et  Gongoiser*s  hoe  legpectii  eodem  mo^lo  a  reliqiiis  ark  1 1 
bus  differaiit  quo  MonoeoiylfKlones  a  rrfitjiii^  hvAn^ ' 

"P,  408.  Mmloffenous  and  Exoi  I  u 

of  tW  wood  fibres  which  troierse    I 

aous  and  Dicotyledonons  plants  h      !  1 

the  Monocotyledons,  tlsose  fibres  a 

a  very  pecHliar  eoHi-se : — from  the  I  I 

lowed  downwards  and  inwardi,  toi  i 

•}\!-v  f^nn  -f*  iifh  with  tlie  coniPx  i*  I  1 

!■    .li  llir  liivinifcroni     whPtc  !l  ( 

■    i'  iiiil    I'll.ivs      The  intvH  iin 
^j,!!.  il„-,  ;!§ii.j!!^,-.1  iliu.-ic  ulready  deposited     i  i 

tlio  stem  to  bo  harder  tlian  the  centre ,  mid  t 

short  course  (their  chords  being  iieail}  equal) 
crease  iii  ghlh,  and  grows  at  the  apex  oiil)      I 
hero  definite.     In  thcDlcotjIedonous  tniiilv",  Iho  layul^  tt  vi  ol  lun 
in  pavallcl  coiir«es  from  the  base  to  II  e  top  of  the  tniiik    each  cxtpi 
iially  t<>  that  last  formo<i,  an  1  the  ti  inik  men  a  ca  Imth  in  height  and 
girth  ;  tho  wood-bundles  an.  hcio  mdcfinifr 

"  With  rt^rd  to  tho  Cotj  le  Ions  thon^l  it  n  ( ften  difhcult  to  (lis 
tinguisii  a  Monocofylcdonoi s  Jiubi\o  fifin  i  Dl  i\5  limi  tlicv 
may  always   be   .liH-rimina     II  1 1      (        1^  |  , 

\yhoii  Itt'i  (ir  niiivi',  aiiil   pi  III  (I  (I  i 

visible)  .si' a   MoJior.ildnl-  ]  i        II  II)  111, 

aro  oppoKsfc. 

"A  further  physiological  dsstmetson  liclwttn  Minis, Hihdon'-  and 
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Dicotylciloiis  ifi  obs^'ivuil  in  ■toiniiiiiitioi),  when  tlio  'Dieotylcdoiioiis 
ra<li<^la  olongates  itiul  foiiiis  Oie  root  of  tlio  joiiiig  i»laiit;  tlio  Moiio- 
Rotjlidoiioiis  ia<li(,l(-  does  not  elongate,  but  piislics  out  I'ootleti  ftoiit 
ifet-lt  it  ouce  JIoiioc  the  not  lor)  gool  toiiii^,  exorhizal  for  thcoty 
ledonou's  ind  endokmil  in  M5noi.ol>lcilonoU8 

"  tiio  liiglicst  pli^bioiogicnl  gi,ii<.i]iti/ntioii  ill  (Kq  vogQltitile  kitigtloiii 
h  hciv/cen  PhcenoffamasuA  (i  If/'  tnt  Tit  fli  fimci  ffifili/ilmii 
is  (.ftutcd  \j    I  polluitiil  1  I 

Cnilo^im"  tltLsimopo 

eel!,  !iMnUy  ciliatt,  I  {anlh  I  I 

na;craiL(.)l     In  rha-iugii  j  t       i    i     i 

all  modified    U-wq-^      thos     ol    (nil  „iii'.   iii     nA  h  in  U     ii 
(J  »  II  ) 

Zooj,oor. 

I  have  exemplified  the  considerations  which  govern neologioitl  cliissj- 
ftcaUoH  by  quoting  tlie  roflcsions  whicli  divici-  gives  ns,  as  havittg  hA 
him  to  his  owji  elassiiication  of  l^lsiiRS,  Sipxise  Ihi!  varitilius  ol'  Qua- 
druped^ or  Mammals  {omitting  ^fliafos,  &(!.),  nxa  nunt;  fiiiisiliur  to  IIki 
eoJiimoii  rc^er  than  those  of  lushes,  I  iiiiij  notice  some  of  the  st«j>s 
in  their  ela^fi^tion ;  the  more  ko  as  minis  «uriona,  questions  liavw 
recently  ariBea  thercupoji, 

Linnasus  first  divide  Miuninals  into  two  groups,  aa  they  have  Okws, 
or  Motjfe  (uuguiculata,  ungal&la.)  But  ho  tlien  i^ain  divides  them 
into  six  ordei*  (omitting  whales,  &e.),  according  to  their  nniiiber  of 
iitcisorf  lamari/,  and  molar  teeth ;  namely ; — 

I'iimate       (Mii  MonlvC),  ito) 

Ihitla      (Rhii  oecioa  1  Iq  I  ant    U) 

/««     (Dog  Uf  B    1  Mole   (.c) 

0h   «     (Mou-,    ■^i  ir        K   ) 

J  ecoia      (Cai     M  <       ^,    ) 

Jicllme     (llois     111  I  ^  ) 

In  tlio  place  ol  I 
(On  l/ie  Lauffiiaff 
ing  oidcTs     Btn 
PachyUentn  Rw 
I  (.rm  of  Lmnsens       I      / 
lion  ordi  r,  taking  tl  I 

iio,UB  tlie  Mc^atl  c 
4c   !rem  tht.  t   w  I     l    \        I        1     /  i 
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/'  fii.  J'--!"/'l'-'M^imhuhwmi.oUhLJi,u/am.it\K  Bellua, 

>"\''  liMLlm.  'l-(.  i\t3)i-timiuTiIs,i3-/(Ho;,?o//,e,,„,„  ,„„l  7'«/«oMe 

'  "I  ill    hvooidcrs  ot  Hoofed  Anhiialfi,  tho  raclndiiiDs    ,11!  tin 

'' """'     '  "ii-^groupiihidi  IS  held  by  All    Onon  f      i  !n,il  u    , 

I    il  i      I  M  If  1011,  oil  tin  gmiiml  of  n  elm  i<.fpF  -ilr  1  h  j    mti  I  .  mi  U 
<una      ,„„oolj,   as    1      ^^)Ml,  ,    ,],  ,   ,^,    ,;,^,^  ,^, 

Acco.d.ngtoth„v».    n„    „  ,  H,thc'Iap»r,tl.o 

«U.othr.„um,«ncltlK    I  1„„       ,  ,     ,,,,  H,t  ,„  f„, 

fi.ct,  (M  Jichas  rc-illj   tJiRL  iji^jl         Wm  1    1  |,,|    „  j.], 

Uotood  01  ucntocd  PaehjdonH  ,  the  i  n  „    p,p, 

ilHidrd  i»to  two  tqiinl  paUa  bj   a  ii<|g«  ,      ,  ,  ,  ^^ 

l«wliuluin    It  lya-.  iinnowtaWdfaec      Mi    u«  s,  ,  1  ,j , 

cinisiui  ,1  In  I  iiii  nidliummant^gHmgUieji  iM 
'""' '  '  '  ''/'i  lilt  two  grou|a,  Uie  forraoF  i»,  !, 
IIo    l<      in   liipi„[    tumis,&c,iheJaH<i.    .m     !       )  1 

lupii,  UnniHCio^  Hjiix,  lU     Ami  llm-.  \h 
I>h(.i.m  ivuUFdiiiafe  group  of  the  gif  it  1 
oItho3Io..tidSectioiiofMii!iiBih,   nHil.    I 
Iroiii  til  I!,,  iiiii'.imidi  -IS  he  bdon     1     1 

A   1  c  h  iu  seen,  tbeso  modem     I  I 

toiiiiludt  (\Jsuctas  wollBsh^ii!^   1     '        1  1      (  i!u 

specici  nhitii  base  been  disfoi ercd  izi  1 1     ii  1    ,  nij 

up  tht  l,R\,S  Hi  tbo  SCfKS  of  /ooiofelell   loiln  '||,^ 

'■■i'.t.ms  ff  ino'Jf'ni  ^roloysts     Ibia  h  i^  i     1,  ,  ,„  ,|,jj 

1'  II    '        I  li  1  I  I  iking 

^'    '  ''  ''   I  t«o  gcntiH  01  o\tmet  HcihnoioiiB  Am 

'"  ''                                    I      il  lemnitis  liouglit  fi  m  Soulli    \iiiiiii  i 

"■^                                        T"  1  rcLont  coiinjiiii  I  i  ,     i,     |     4  ,) 

'wciM                                  1  ilieleiung  of  tin  l,„ 

*""''■    '                               II  foed  aiiiinals     HI  1    |  | 

the  iiMhi    I  o  iL  ill     ilmo  sections,  Profio  ,„1 

Ut«)du  UH'J,  tormed  a  iiattiral  dnisiou  of  IJn  ,  ,,1 

led  to  thinli  that  thit  division  imphes  aiiolliLi  n^i 

Moaot  the  ("«j/M/i((a,  of  ecjuaUahie,  il  not  1  itli  tin    /  n      I't'ili 

md   hlioJud'/la,  at  least  with  tbo  Pioh'i'-si-lfu"  V\m  'lonp  ho  m, 

postslo  till  Tb/orfonto  "              ' 


"  Owcu,  Odontography. 


'  I'liil.  Team.,  1833. 
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PiJYf^JOI.OGY  AND  COMt'AKATIVK  ANATOMY. 


Veostablb  Morphoi.oi 


MoqAohffif  in  lAnnwws. 

1IIAVK  blalcd  that  LiniiMus  had  sonic  views  on  ihis  subject.  Dr. 
lloQker  couccives  tliaso  views  to  ba  more  cymploto  and  cori's^el 
than  k  geaorally  allowed,  tlioagU  unhappily  eloUied  m  i(i<itej>!i«riMl 
laugu.'^e  and  itilxcd  with  apeeMlaiivc  matter.  By  Jn's  pcniiissbis  If 
iHSHrt  s^smo  remarks  which  I  have  reieivcd  fron  ' ' 

Tk©  i'liiidamotif  al  passage  on  thissntjett  is  in  D 
in  the  Ititroduetioii  to  which  work  tli   1  11 

"I'l^lcpsis  (Anticipation)  exhtltts  t) 
eis  of  plants,  by  which  tltc  hcil  hi  1 
ditioi!,»  is  oliaiiged  intjs  the  decl  i  \ 
capable  of  producing  either  « leid  ! 

"\VhoH  atrco  produceaa  flottsi  i  1  f 

ftvo  y<]i\Vi!  -wlim-o  these  conic  out  i  U   1  Ik  ii<s 

iT'     I     I        I  '   'd»,  of  those  of  t!        II  \\o  calyx, 

I  III    oroUa,  of  the  i  cvt   tic  si     %na     of  tito  hlib 

lilkd  -with  Iho  gran  latcl     airo     of  ll  o  sec  I,  the 
I         I  I       1  a  vcgctabk " 

,     I  dome  my  i  Ici  ol  hiK  liHtiig  a  licttti  know 
I  1  llinu  most  HotiniMs  almil,  not   onl\  tinni  fho 

ill  Mil    11   III   his  j)n]n       ill    t    /    (  /  i  \ 

Acad  \o\  m),  a  reniaikabl  i  ' 

ms,  oi  hw  picdeccsaors'  hb"i 
HsLaiLlies  to  bo  nndertakcn    i 

'Frokp^s  planiirmn  iilttini  i 

Ibo  last  •v.a\A  otciiri  laitlv  m 

V  cm^  to  aio  thit  ho  uses  it  i   lu  i        i       j    i     i        i        i         in 
aictdtiitil  one 
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111  Uic  /'lokpsii  tlio  i>pc<,ulati\ 0  uiatKi,  \  In  I     I     i  1  n  i    Ir 

(.iHcliitlj  <lisliii{,iii6!ieaassiicli,  mustbosopmil    I  nlUai 

miy  1  Hunk  be  done  m  most  of  the  scctioii'      II  i  m 

iiig  dt  iilj  aiij  well  (ho  ori<,iu  mid  position    I  I  I  ml 

prcsciicp,  ulicllici  dovoloped  oi  not,  in  flir  i  i  im 
n))ii|i(lnn<'c  of  ncuto  obseisatioiis  and  exiioiiiJi  m                     I        i  u 

iiiCHis      Ilie  kaf  he  decliics  to  U   Hi     fn  i  ,    j, 

spring    ho  pi  .ceeds  to  ohon,  sur,i  H,,^ 

GtninoDi,  nml  pis,(it  are  eich  of  th  m  n 

C^OgHlii„  \HVY-  BXAMFLFS,  both  ii  ini  I  I  ill!        tui  I  1. 1^ 

presented  by  tlioso  oigans  in  tlitn  nouuttl  umiOiUuh 

"Tlie  (to  Mic)  obsci!r<,  and  ctitKal  part  of  tlic  Prolepgta  was  tlint 
riAnUng  to  the  change  of  tlic  stjlo  of  Oirdnm  luto  two  Itavts  \li 
Bronii  h  vi  c\|>l8mc<l  this  jlo  says  it  w«  a  puz/le  fo  him,  till  Ih 
fiUitto  Upsala  and  consulted  Flies  and  Wthbnbe^  who  iiifomi.  I 
hirn  th  if  =.ii.  h  mon-itioiii,  Ccodm  grew  in  tht  ni  i  lib  >sh  . .  I  it  i  in  . 
tHradhini    -uno     Considcnn^  hott  ihiuuI     tn  i  ^      I     I  tt     i 

(^ffl^MM   lu   itfchows  no  httio  skill  iit  i  n.,  \    „ 

lion  of  Ibi  liliole  laatlor,  to  hn*e  tnoid  Hn  ,ii 

lUcH  floril  oi^nni  mto  loaves,  except  tUtit  ci  nii  i 

"lexti  iiini  Silii  0  f.taniimbua  nio  Mon  m  tonn  I 

illoiuiii  lofo  ifU\  pibtillaoGi,  qnm  m  eomjiosili  ,    „ 

tcsiina'     1  must  say  tliatniilliiiL       ,ii1 1  u  II  I  ,,,,,1 

Jhaathf  !uN  ind  accurate   i)i|i(,nli  n  a  I  i    i   j  ! 

«hole  v(n,    ot  phoHonif  11 1,  ml  ih,  ji  i  ,   , 

n%nm  isvitv  that  these  or^itc  mil  Ii  m  ,  tuM  '"ii  oi  ih  m  t  ,i, 
not  niideisliud  hini  to  saj  thit  tho  piolop!,(H  is  an  jic.  id,  nf\\  cbin!j> 
of  ieines  into  bmts,  of  biiUs  into  ealj\,  and  so  tortli  I  (cn  wao 
tho  liingmgc  more  obsuiio,  nmcii  might  bo  iiilurcd  liom  the  ludt 
1  in^c  and  ai airacj  of  tho  obsoiiatioiis  lie  ditails  so  scienttfieallj  K 
ismcoiiofnablc  that  a  man  should  ba^c  tncul  thi  s«|iicnr.  ol  th< 
|>b  II  lit  III  inidti  t,o  many  lined  aspects  and  Khonn  sii<h  Vilj 
'i       '    '  iiii'O.ai"!  accmicj  111  hi>,  indho'Hff  ..1     i.m     i»i  i 

I  i  missed  tho  ralionak  of  tlic  lUiok      ]  Ihiuii  <u  th 

I       II  I      I       md   Iheio  is  not  a  snijc  hi  nil     ]      n    •<   n     , 

judgment,  whilst  his  histoii   ol  tho  dculiji  u 
and  floial  ori,ftns,  and  of  \anous  otliei  ob  tuu  tr  ii  , 

est  and  inipoH  mpe,  lu  ol  a  loiy  hii,h  oi  hi  1 1    n  j  j 

the  liino  piofoiiiid 

'  IbcM  isnolbmi;  m  ill  Ihi    tbttdtfnft    itntiUt    itiun    M   ti  iht 
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ic-<liscovcry.  With  Goethe  it  was,  I  think,  a  dwluctivo  proceBS,— with 
Linnjoiis  an  indiietivc.  i\iialysc  Linnajua's  ohservatioiis  and  inetli<Hl, 
and  I  think  it  will  provo  a  good  oxainpic  of  inductive  I'CJisoning. 

"P.  473.  Perhaps  Professor  Aiigusto  St.  lltlaira  of  Moiitpellier 
should  share  with  Do  Gnudollc  tUo  honor  of  contributing  liil^cly  to 
establish    the  metainorphic  docti-iiic;— ttieir  labors  ivero  cotompo- 


«  P.  800.    Linncens  pointed  out  tliat  the  pappus  was  Calyx :  '  Et 
jiuppum  gl»m  ex  <piaTti  aniii  foliis,  in  }Mn  tiomtiwtis  Cardiiis.'— iVo^. 

I'htnl.  ;iaff,"  (,/.  D.  [[.) 


GUAl'TElt  Vn. 


Ahimal  Mokwioi-oov. 


Till';  siibjcHit  of  Aitimal  Jilorphology  him  reeently  been  oipandetl  into 
it  form  strikingly  eomproliORsivo  and  ayatcinaiie  by  Mr.  Owen ;  and 
supplied  by  him  witlt  a  copies  ami  caMfally-<^i»6n  langii^oj  wliielt 
m  Us,  hands  facilitatis  vastly  the  coifiparaon  and  appfeciiatiou  ef  the 
pre\ioiB  labors  of  physiologists,  and  opens  flio  way  to  now  tottis  and 
phil^ophical  gouoralizations.  Tliongh  the  stops  which  have  been 
ma^e  l^ad  been  prepared  by  previous  anatomists,  I  will  boiroiv  my  view 
of  tiiem  mainly  from  him ;  with  the  less  Romple,  intwmuch  m  he  has 
brought  into  full  view  the  labors  of  Jiis  [iredcccssois. 

I  have  slated  in  the  History  that  the  skeletons  of  all  vertebrate  ani- 
mals are  conceived  to  bo  rcdnciblo  to  a  single  'iVpe,  and  (he  skull 
feduciblo  to  a  series  of  vertebitc.  But  inasmuch  as  this  mbiction 
includes  not  only  a  detailed  correspondence  of  the  bones  of  man  witli 
those  of  beasts,  but  also  with  lliosc  of  liiid^,  W\<'-^.  -mxA  rc|,tile.«,  it  may 

easily  ho  eojiceived  that  thn  si'i ■"  ■ ^    .Mii .  ■, -.  itf,  nt  avariiiuh 

and  often  remote  kind.     'I'ln'  ■  ■  ■      ■    ■     ■    i  !>>' previous 

Comparative  Anatomists,  h^iu^  l,=i  i..  :ii..  n,  .;.  M■rh.■l^■l!  ti.e  bones  of 
anim&ls  which  have  been  cii)plo)'ed  m  niiafoinio^l  dexeriplions ;  and 
tlicae  designations  having  been  fraraoxl  and  adopted  by  anatomists 
looking  at  the  subject  from  different  sides,  and  having  different  views 
of  analogies  and  i-olations,  Imvo  been  very  vaviona  and  imsfablo ;  bi»id<m 
being  oft^n  of  combroua  length  and  ineon^cnient  fona, 
'fhe  eorresponding  parte  in  different  animals  are  called  Umahgue)!. 
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atoini  first  i\,\,hcd  U,  untninj  b>  tin  philosoplin's  of  ('euiMni  ui.l 
this  Iciiii  Ml  Oman  adopts,  to  tlio  G\c!iisioii  of  teniiB  inon,  !oom.!\  Ai 
iiofiiigi.loHiti  or   imihnh       \Titl  tlm  Hnni,  h  .■\  <,ffli,  miioiis  bom 

^f"*^'!^''"'      1^  MM    I    u,  „    ,     ,    ,M ,1,  ,|,Hal„„. 

«fF*^'  ' i     \l'    <'^^   II  Im  I  ,  ,.H,<>(  tiu 

bono'*    Hii       I!  Iiii  II    I     II  \,  II  liiii     I  I      I    II 1 1     n     ni  ill 

vortcbi.ic3  inll  1h  ,  dlul  lij  tlu  ;in  ]uiii<,  ml  Si,  if  i)„  ,  „,m. 
shall  bo  founded  upon  the  tomiaaiid  pbm'f.  in  wlikh  tlio  'i  if  m. 
tomi^s  of  tbo  letb,  11th,  find  18th  centiiuts  e\pri,  %j\  the  k  ulf  fit 
thoir  mearobes  respecting  the  liinnan  pkiloton  ilieso  names,  thus 
•iolected,  so  for  as  eouccmcd  the  bones  of  the  Head  of  Fishes,  om  of 
tiia  most  difficult  cases  of  this  Special  lloinolog>,  ho  pHblished  m  a 
lable,'  m  Hhi.U  tliej  weio  compared,  m  psiallol  toluinns,  with  the 
namm  or  phr^^  n«ed  for  tho  like  purpoBB  by  Cuvior,  Agassi^  festffroy, 
a>llma«,  jSoDmmeriiig,  Moekcl,  and  Wagner.  Aa  an  esatnpio  of  the 
w>n^dera&i»  by  wbtcii  this  aotection  of  names  was  det«rmiiied,  I  may 
ijMoto  what  ho  sa^  ivitli  regai'd  to  one  of  these  bones  of  the  skuH. 

"Witli  r^ard  to  the  'sqwamosal'  {squamosmti,  Lst,  pars  Rquit- 
m<i!a  oi^is  teniswi'is.—ScDinnicring),  It  might  he  iwked  why  the  tf»rm 
'  •■■iiis'"'!'  " '■■lii  lint  be  retained  for  tins  bone,  I  reply,  beoaiisii  tluit 
^■11,  and  is  now  nniyorsally,  under^oodin  hmiuui  mm- 
^••<":  ''••  ■■^■■,-i.i,.  u  peciiliaFly  aiithi'opotomicnl  eoalesood  wugeA-m  of 
l"mw,  niiirii  i!,.;lurIo3  tho 'aqnamosar  together  with  the 'pofvosal,' the 
'tympanic,'  th«  'mastoid,'  and  tho  'stylohyal.'  tt  soeni«  piotcr.ibk*, 
therefovo,  to  restrict  tho  sigiiiflcation  of  tho  term  'temporal'  to  thu 
whole  (in  Man)  of  wliich  tho  'sqiiamosaji'  is  a  part,  I'o  tins  part  Oli- 
vier baa  unfortinint«ly  applied  the  term  '  temporal'  in  ono  class,  and 
'  jiirrnl'  ill  iiTinfhrr ;  and  ho  lias  also  transferred  the  term  '  temporal'  to 
■'!''■■  1  '  'I  I  'li'  'li-iiiiot  bono  in  Ushes  ,  while  to  matnso  the  loiifusion 
'  I    '  liim  d  tho  name  to  a  fourth  different  bono  m  tho  skull 

'ir,  therefore,  may  bo  tho  ^ahie  a    i  tudt    (In    n^n 

m<i\n>i  ivhiivli  will  be  presentl)  bet  forth,  i^  to  lli      i      i      I      i  '     i, 
of  tho'i^reaquamcMaossis  tonipoiiV  Ihase  till  i  , 

(he  conclu^on  by  a  deiinito  toim,  and  irt  thi    [i        i 
selected  that  which  recalls  the  best  acceptcti  anfhK.|i  iiiiijlm  ,i  ih  ; 
nation  of  Oie  part;  although  '  Sfimmosar  must  be  mukivtoid    ml 
apjdied  in  an  a^bifrnry  sense  ,  and  not  as  disonplt\o  of  a  '•<.  lU  lil  i 

'  Jkaures  mi  Vetiaralf*.    1846,  p.  1S8.     And  On  l/m  Avekefi/pe  and  Jfema- 
lofiesoflhe  VeTfAnHe Skeleton.     ISi^p.  Its. 
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t'.inn;  wlii.li  in  lufeicnco  to  tliG  lionc  Ki>  called,  is  taIIici' ilsoMfipfional 
lliiiii  iionna!  IJguio  in  flio  vertebrate  sovica," 

Tlio  principica  which  Mr,  Owen  here  a<lopta  in  the  selection  of  nmiies 
for  the  parts  of  the  sbcJetoii  are  iviso  and  temperate.  1'liey  agree  witli 
the  apliorisms  eoiiceming  the  language  of  science  wliich  1  publislied  in 
t!io  Philosophy  of  the  Indttctiue  Sciences ,  mid  Mr  Owen  <loes  me  tUe 
great  honor  of  quoting  \iitli  appioval  some  of  thot.0  AphoriBins  I 
may  perhajB  take  the  libertj  ot  reinarfenig  tliat  tlia  ^.y^tun  of  tcini* 
which  he  lias  constructed,  may,  according  io  our  ptnicipks,  bo  tallt  I 
ratlier  a  2VrniiHofo7J/ tlicn  1  Yrmmi-J  i  re  tint  i=  i)  f■^  m  niul^on' 
more  nearlj  to  the  terms  15  1  |  iit-.    ii  1 

organs  of  plants,  than  to  tl  n  1 1    m  I 

speeiea.    As  nohavo  si-ei  ""I     ' 

subject  to  iiiorpholi^ical  1  w  i  l 

oi^ans  in  consequence  of  those  1  i«  * 

the  Rcioitoe     Koi  la  thi3  dishnctioi  1  i 

elatuTO  without  its  use ,  forthendiHff!  |  5 

Kelcciion  of  ivoids  m  tho  t«o  easra  art  ditter  i 
of  gijuora  and  species  mai  bo  arbitrary  and  ei      I 
great  extent  in  Botany  aiid  la  Zoolt^,  espt      1 
aiaincs  beHy  g!\cn,  for  instaiiee,  sunply  aa  marks  ol  )i  i       i        h 
viduals.     Bnt  m  a  lennindogy,  such  a  mode  of  deni  s    !  i 

!»J!i)bsibIe  some  Bignifteant  Bna!o£,i  oi  idi  i  mnst  bo  a  J  1 1  t  1  1 1 
as  tlw  OBgm  of  the  immi,  tJioii^h  ii  t  nect'^«aiih  tine  m  i!l  st  i]  j  h 
cations,  aa  we  Iiavo  Boon  m  the  ca-se  ot  tiie  "  iquam<.  al  |u  t  |ii(  1  1 
Thfaidifferoneoin  tliondcsFtsiiitng  {«■>  ih -t^tf  ^  Kimii  «  il  i 
stated  in  the  Aphorisms  xiii.  and  xiv,  coneemiiff  Ihe  /Mnt/iiar/e  of  Seieim. 
Such  a  TGriniiioIogy  of  tlio  boiica  of  tho  skeletons  of  all  verlcbrntcs 
sa  Mr,  Owen  has  thus  propounded,  cannot  bo  othonviRe  than  an  im- 
monsc  aciiuisition  to  science  a    1  h  ol  fl        d    c,  f ro        3  at 

know  already  to  widor  tcutl  sale        oil  olog     lit      C 

With  regawl  to  one  of  tl  e  o  !  ct  ll  M         I  ll     1 

head  into  vortobra),  Mr.  Owe    n  I        I 

plies  to  the  objections  of  C      o        1  I 

a  'I'ablo  in  wliieli  the  Bone    of  tl      II 

bras,  which  he  terms  tho  0  e  ]  f  1    1  H 

bra,  rospeotively,     These  fo        o  t  I  I       ll       I 

Oken  called  the  Ear-verteb  a  tl  o  )  I  11  I 
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the  Kose-urtcbui  1,    I  s  noik  f);   tl     \  '    a„,,„, 

Ike  Skull,  pnllislied  in  1807     and  n  ],  ^m,,!^, 

vioivs. promiilgiitcd  b)  Spix  (1815),  I  ,  nh2i) 

(i»niKl828  And!  bohevo  that  tla  m  ^  I  ,1  1 1  i  muUil  nstbt^ 
lit  firat  appOBrod,  haio  now  been  acccptcl  by  most  of  the  principal 
physiologists  of  our  time. 

BntaiiothcrasjffictoftliisgGncrah/afi  ii  Im   !     n  i ,     n,]   ?         „ 

philologists;  and  has,  like  ibi,  otln  i  i 

and  provided-with  a  convenient  Janj,u  i  I 

HkoletODsarothiisTnadoiipof  \citcbiii    m    i  i  i       i      i 

stood  as  dovelopompiifs  of  the  puts  tt  uiL.bui    Utm  i\    ( I       ) 

Cnns  (1828)  MHller  (1834)    C     or  (isnf)   b.d'unpl.^<  |      a,,,, 

1  M     i     !    ^of  b  ci    lovelope   c  I     Mr  (huntnliii  ( ,  I 

1838      J  lo  d  Boussi  g  the  osteology  of  eorSait^ 

terns  of  tl  s  knl  wh  ch  are  more  systeiimtie 

leee^or^    nltowlicl  hohasgiveii  ounvincy  by 

I   1v  oslelgc  ■»  1  tl       lit  which  he  liM  fimfe>. 

olo^j    a  ve  tobn       is  typical  eompleteness, 

1  pirt  atcc  t    m    at  tl  o  lack  of  this,  two  plaScs 

(the»t    p/  poilym)^   Utl  rlo  tvrard  i  rojectSng  pieco  (tlio  »«»- 

?  S/-    ^)     I  rh  three,     tl  tl  o  ce  tram  fori    «  canft!  for  tbo  spinal 

t  of  tie  eentr  a  two  othot  plates, (tho  fe«i«; 

et   g  p  ecc  forming  a  caaa!  fopa  vascular  irtink: 

ts  (?/«  ro  jwfih^m)  and  other  projcetions,  am 

I  I      I         \hu„,.-  i„.,i,io.  v,-M.i, 


liiOJitioiied  are  usually 
coifrcs,  and  are  fhorcforo 

!  skclt-ton  is  tlio  I'oferenco  pf 

utg    t   ti  0 1 1  UD  types  1    ascrics  of  vortebm:: 

I  o   ology  icfe  -s  all  tl  o  pails  of  sfeoletoiia  to  a 

I         I  III,  say  that  of  Mail,  ffea^al  horiiology  refers  all  the 

P'l!-  gt  Liu  J  -.1  dUon,  say  that  of  Man,  to  the  parts  of  asoriea  of  Vei-- 

tobraj.    And  tlnis  as  Oken  propounded  hia  views  of  the  Head  as  a 

resolution  ol  the  Problem  otthe  Significalionof  tlte  Bones  of  ike  Mml, 

:  '  ^r^tl^ and  ffomol<»)ieio/lkf  Vertebrate Bkeklm.     imS,p.m 
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tosolvcthori'oblemof  (/^■' ^'^  ■'         ' '■'  T  .■  "liolei.f  llic 

animal  Ijciiig  a  string  of  v.iii  i  ;.  .  ■  ■■.  Iiamh  and 

paws,  claws  ami  fingers,  win-;-  uul  lii.-,  ui'i  iH'  '!'>■■ ,  '\\\'.-  iiKjiiiry  Mr. 
Owcii  has  piU'sued  as  a  necessiuj-  purt,  ol'  iiie  iii.iuivit-j.  liigi^hig  a  pn!)- 
Hclcoture  upon  tho  subject  m]84B,'lio  concoivcd  that  the pliiiiscivliioli 
I  liRVO  just  oinployed  would  not  l)o  clearly  approhendod  by  an  Englisit 
Andionce,  and  entitled  his  Diseouise  "  On  fho  Mature  of:  I-ini]ja :"  and 
in  tliis  diseoui-so  lie  cxplaiued  tho  modificfttionB  by  which  tiio  vanoaa 
kinds  of  limbs  aro  derived  ffom  theif  nifJinienfs  in  an  archetypal  ske- 
leton, ttiat  is,  a  nicvc  series  of  vcriobi'iu  (vitliont  Itcad,  nrin*,  k%f, 
wings,  or  fins. 

Fitutl  Cittt^s. 

It  has  been  niontioned  in  tho  History  that  in  the  diseiisstons  \s-hk-h 
took  place  couccmiiig  tho  Unity  of  Plan  6f  animal  strneiiire,  tliis  pvin- 
ciplo  was  in  some  Djeasuro  put  in  oppo^ution  to  the  priicipla  (4  Final 
CaiBi^ ;  Morpholc^y  %vas  opposed  to  rUeology     Tt  t     1 1      1 

svlidhe^lho  recent  fit  liy  of  Morplolo'TT  Hi  iff   t  1  it        1 1! 
•    If  ihero  bo  advocates  of  i  i  nl  C  1        1  1  1  I     ' 

tlioir  doctrines  so  far  as  to  assc  t  tl  I 

in  the  stmcturo  of  an  mals  1  a     t  j     j  1 

l^soiiors  aro  liable  to  bo  porj  el  i\\  i 

pto^fess  of  anatoi    cal  kno  yIc  1,, 
an  arrangement  wl  cliHlbe         \ 

to  Bomo  purpose,  eM=h  nl  111 

and  again,  that  wl  at  1  a  1 1  I  tet  olo,,  cal  vttai  we 

ment  is  tlio  result  of  a  f,  I  11    s  to  take  ) 

example  given  by  M   0  I    1      I     i;   ate 

in  Kovorat  centres,  a   I  tl  ] 

has  been  pointed,  o  t  as    |  1 

animals ;  but  our    to!  (    I  tl   t 

tho:saino  mode  of  tho  fo  1 1 

animals  which  are  born  f  i       t 

wliith  ossifleation  log         1  !  i 

hoittology  of  tho  ai    nal  M  i  II         I   ]  Ml        o 

posed  of  a  ccrtaii         1  e  ot      t  fcbral  gI  niei  t«     In  tl  « 

'  On  the  Nah^re  of  L     t     a  i  f!  i    t      I  f  (  p  I      nl 
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way,  tlio  admission  of  a  now  vioiv  as  to  Unity  of  Plan  will  atniosl. 
necessarily  displace  or  modify  some  of  tlic  oI<l  views  rcspecling  Fiiiiil 
'  Causes, 

But  Utongli  llic  view  of  Final  Causes  is  displaced,  it  is  not  obli- 
tofated;  and  especially  if  flio  advocate  of  Purpose  is  ^l'^o  )iai>  ti  admit 
visible  eorrespoiKlcncos  which  have  not  a  ffii-if  (mWo  1  i  i  «  II 
as  eoiitiivaticcs  which  Imve.    And  in  truUi,  li  th 

studont  of  anatomy  to  shnt  his  eyes  to  citliei 
|MctR  of  »»tiiro!    The  utm  and  hand  of  mnn  I 

lioldinj^,  tibc  wiiig  of  flio  sparrow  ianiado  for  ll 
ed  to  its  ond  with  subtle  and  mnnifcat  eontin  I 

Design,     But  the  arm  of  man  and  theiiin^    i  \\ 
to  each  otber  in  the  niMt  exact  inaiiHor,  1  c  nu  1  1  I 

Use  or  till!  Pwvposc  of  tins  corrcsiwndonei.  I  It  it  bo  said  timt  ihtr 
amy  be  a  pntposa  Hough  wo  do  not  soo  it,  that  is  gmnte*!  But  J-imil 
C^u^sjfer  m  are  eontrivaucos  of  which  tee  see  tlia  oi«t,  and  noOnn  - 
is  added  to  the  ovidenco  of  Design  bythe  perception  of  a  unity  of  j)ia" 
whicli  in  no  way  tends  to  promote  the  design, 

It.iiiayl>e  laid  that  the  design  appears  in  the  modifleation  of  tht; 
plan  in  speeisl  ways  for  special  purpose ; — that  llic  vfi-li'ltcn!  [ilitii  \-'t 
RH  aniniHl  being  given,  the  foro  limbs  ate  modilii!'!  in  Mim  nM  m  Spin-- 
row, ills  the  iitttiire  and  life  of  eack  require.  Ami  this  Is  luilysaid; 
and  lis  iiifiiicsd  the  trnth  which  w©  arc  endeavoring  to  bring  into  view  : 
— ^that  ihei^o  avo  in  such  Bpcoulations,  two  elements;  one  given,  the 
other  to  bi!  worked  out  from  oaf  examination  of  the  case;  tlie  etatmi), 
and  the  problem ;  the  iiomology  ind  the  tolcolosj) 

Ml  Owen,  who  has  done  so  much  foi  tlio  former  of  tlie^e  portions 
ol  oiu  Inowlctlgo,  lias  also  been  tonstinti)  at  the  name  time  conlu 
butiiii^  to  the  other,  AVhilo  Jtc  has  been  aiding  oni  ad*aiices  fowiiid 
the  Unit>  of  Kalnre,  lie  has  beoii  c*ci  aluo  to  tlio  pOKi,ptioii  ol  m 
Intcllig nice  which  pervades  Natuio  "Wliilc  Ins  mniph  I  n  d  dir 
tuiics  ha\o  moved  the  point  of  mow  fiom  nhi  hi  1'  1    \ 

have  ni  \  ei  ob-i  urod  Ins  view  of  it,  but,  on  th  i 

to  prcauil  ll  to  bis  rcailera  in  new  and  atiikin  ' 

>' '    I     tMh.  Ilnitl  purposes  in  the  hi)  \ 

111  the  Innls  of  m  i 
I-  icspeot  from  icpt  t 
I      I"  I  n  able  to  |H»int  cut  tl  ll  1         ^  1  u  i 

uoivH  b  til  i.)  (iuofiVoy  St.  Hilaira  and  {  umif,  tor  aMnhining  tlw 
tini,  inwubi-r  i>f  bonra  in  each  species 
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iLi  I  ill  tlu'.  regularly  tiupositeil  liiji'i's  of  any 
\  Lti  llic  pliocoiio)  of  tbo  tertiary  mrm ;  mid  tlius 
I  tlio  pinciiig  of  man  on  Iho  earth  was  the  Inst  and 
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